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PUBLISHER'S PREFACE 



This work, now offered to the pu1>lic, on 
the "Principles of Mechanism and Trans- 
mission," is taken from the work of the 
distinguished author on "Mills and Mill- 
work/' which is large and expensive, and 
contains many details of Millwork not 
entirely adapted to American practice. The 
great principles here given lie at the very 
foundation of the art of transmitting me- 
chanical power, and must prove of inesti- 
mable value to American mill-owners, me- 
chanics, and operatives. 

In the present volume Mr. Fairbaim 

gives the results of his very successful pra'"- 

tice as a Millwright and Engineer, during 

a period of half a century — a period which 

has contributed more than any previous one 

to the manufacturing industry of the world. 
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6 PREFACB. 

And as there is probably no department of 
practical science so generally useful, or per- 
haps so little studied, as the machinery of 
transmission, the American publisher has 
great pleasure in placing within reach of 
the intelligent class for which it is intended, 
in a compact and comparatively cheap form, 
the author's rich and valuable experience 
on this important subject. 
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This work, now offered to the public, on 
the ^* Principles of Mechanism and Trans- 
mission," is taken from the work of the 
distinguished author on " Mills and Mill- 
work," which is large and expensive, and 
contains many details of Millwork not 
entirely adapted to American practice. The 
great principles here given lie at the very 
foundation of the art of transmitting me- 
chanical power, and must prove of inesti- 
mable value to American mill-owners, me- 
chanics, and operatives. 

In the present volume Mr. Fairbairn 

gives the results of his very successful pra'"- 

tice as a Millwright and Engineer, during 

a period of half a century — a period which 

has contributed more than any previous one 

to the manufacturing industry of the world. 
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14 PRINCIPLES OF MECHANISM. 

8. The velocity of a body is the rate at which it 
moves. In uniform motion the velocity is con- 
stant; but in variable motion the velocity con- 
tinually changes. If the velocity of a body 
increase it is said to be accelerated, and if the 
velocity decrease it is said to be retarded. 

The motion of a body is said to be periodica 
when it undergoes the same changes in the sam 
intervals of time. 

4. In order to express the velocity of a body, 
we must have a certain number of units of space 
passed over in a certain unit of time. It is 
customary to take a foot as the unit of space, and 
a second as the unit of time. 

In uniform motion, the space passed over i^ 
equal to the product of the velocity by the time 
Thus, let s be the space in feet, t the time in 
seconds, and v the velocity per second ; then 

8=:V t —(I) 

which expresses the general relation of space, time, 
and velocity, in uniform motions. Any two of 
these elements being given the remaining one 
may be found ; thus we have 

8 8 

v = -- '" (2), and t = - •••(3). 

5. If the velocity in one certain direction be 
taken as positive, then, that in the opposite or 
contrary direction will be negative. 
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6. If two wheels perform a revolution in the 
game time, their angular velocities are equal, what- 
ever may be the dimensions of the wheels. The 
angular velocity of a revolving wheel or rod is the 
velocity of a point at a unit distance from the 
centre of motion. The wheel or rod will revolve 
uniformly when the angular velocity is uniform. 
If A be the angular velocity, r the radius of the 
wheel or length of the rod, v the velocity at this 
distance from the centre of motion ; then 

A = - (1), and v = A r ... (2). 

7. The motion of wheels is conveniently ex- 
pressed by the number of rotations which they 
perform in a given time. Thus, let n be the num- 
ber of revolutions performed per min., the other 
notation being the same as in Art. 6 ; tlien 

t; = ^7r^nr...(l), and n = ...(2). 

ij\j ft T 

V 

Or substituting A for -. See formula (I), Art. 6, 
n = (o), and A = -^ ?t n ... (4). 

ft 0\) 

Hence the number of turns performed in a 
given time varies as the angular velocity. 

The number of turns which two wheels respec 
tively make in the same time is called their syn 
chronal rotations. Let Q and q be the synchronal 
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rotations of two wheels whose angular velocities 
are A and o, respectively ; then - = - ; that is, 

synchronal rotations are in the ratio of the angular 
velocities. 

Mcample. — Let a wheel whose radius is 6 ft. 
perform 50 revolutions per min., required Ist, the 
velocity of its circumference, and 2nd, its angular 
velocity. 

Here, by eq. (1), n = 50, and r= 6, then 

t; = gQ X 3-1416 X 50 X 6 = 81416 ft, per sec. 

And, by eq. (4), a = ^^ x 3-1416 x 50 = 5-236 

8. If V and v be the velocities of two parts of a 

V 

piece of mechanism, then - is the velocity ratio of 

these parts. Let s and s be the corresponding 
spaces described in the same time, then when the 
motion is uniform 

V s 

- = - = a constant, 

V 8 ' 

that is, when the velocities are uniform, the velo- 
city ratio is constant. 

9. If the velocity ratio of the two parts remains 
constant, then however variable the velocities 

V s 

themselves may be, we still shall have - == - 

where s and s are the entire spaces described ii 
the same interval of time. 
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10. When a body moves with a variable motion, 
its velocity at any instant is determined by tho 
rate at which it is moving at that particular 
instant, that ia, by the space whiGh it would move 
over in one second, supposing the motion which 
it then has to remain constant for that time. 
Variable motions may be graphically repre- 
»i«. 1. sented, by taking the 

" of a curve 




equal to the units of 

time, and the ordinates 
equal to the units of 
the corresponding 
' velocities. Thus let A 
B be equal to the units of velocity at the com- 
mencement of the motion ; A c the units in inter- 
val of time, C D the units in the corresponding 
velocity ; and so on ; then the area of the curved 
space A B D F E will be equal to the apace described 
in the interval of time rapreaented by A k. 

If the motion be uniform the curve B D F will 
become a straight line parallel to q x, and the 
space described in any given time will be reprc- 
' sented by the area of a rectangle, whose length is 
equal to the units of time, and breadth equal to 
the units of velocity. 

If the motion be uniformly accelerated or re- 

tanled, tlie curve B D p will become a straight line 

inclined to the axis QX, and the space described 

In this case, will be represented by the area of a 

2* 
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trapezoid, whose base is equal to the units of tiron 
and parallel sides respectively to the velocity a*, 
the commencement and end of that time. 

11. Thb parts op a Machine. — A machine 
conists of three important parts. 

(1.) The parts which receive the work of the 
moving power — ^these may be called receivers 
of work. 

(2.) The parts which perform the work to be 
done by the machine — these may be called work- 
ing PARTS, or more simply, operators. 

(3.) The mechanism which transmits the work 
from the receivers to the working parts or opera- 
tors — these pieces of mechanism may be called 

COMMUNICATORS OF WORK, Or the TRANSMISSIVB 
MACHINERY. 

The form of the mechanism must always be 
determined from the relation subsisting between 
the motions of the receivers and operators. 

If there were no loss of work in transmission 
(from friction, etc.) the work applied to the re- 
ceiver would always be equal to the work done 
by the operator. Thus, lei P be the lbs. pressure 
applied to the receiver, and s the space in feet 
which it moves over in a certain time ; Pi the lbs. 
pressure produced at the working part, and Si the 
space in feet which it moves over in the sam 
time; then, neglecting the loss of work by friction 
we have — 
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Work applied to the receiver = work done 
by the operator, 

or PXS = PiXSi...(l). 

However, it must be borne in mind, that the 
ctual or useful work done by a machine is always 
a certain fractional part of the work applied ; this 
fraction, determined for any particular machine, is 
called the modulus of that machine. If m be put 
for this modulus, then we have from eq. (1) 

mx P X s = Pi X Si ... (2). 

In treating of the motioa of these parts of a 
machine it is generally most convenient to find an 
expression for their proportional velocities. Thus, 
let V be the velocity of the receiver, and Vj that 

V 

of the operator ; then — is their velocity ratio. 

See Art. 8. 

It must be observed, that this velocity ratio is 
not at all aflFected by the actual velocities of the 
parts, provided the velocity ratio of the mechanism 
be constant for all positions. In the more ordi- 
nary pieces of mechanism (such as common 
toothed wheels, wheels moved by straps, levers 
etc.) the velocity ratio is constant, that is to say, 
it remains the same for all positions of the 
mechanism. 

In eq. (1) s may be taken as the velocity of tha 
power p, estimated in the direction in which i* 
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aota. and s^ that of the resistance P^; then this 
equality becomes — 

Px v = PiXVi...(3), 

P V 

or, -^ = — = the velocity ratio ... (4). 

Now — ^ is called the advantage gained by the 

machine, or the number of times that the resist- 
ance moved is greater than the power applied. 
Hence the advantage gained by a machine, irre- 
spective of friction, etc., is equal to the velocity 
of the power divided by the velocity of the resist 
ance, or the velocity ratio of the power and resist- 
ance. 

This is called the principle of virtual velocities. 
Workmen express this dynamic law by saying, 
*' What is gained in power is lost in speed." 

12. The DIRECTIONAL RELATION of the motion 
of the receiver and the operator admits of every 
possible variation. It may be constant or it may 
be variable. By the intervention of mechanism 
rectilinear motion may be converted into curvili- 
near motion, and conversely ; reciprocating recti- 
linear or circular motion, may be converted into 
continuous circular motion, and conversely ; and 
so on to the various possible combinations of 
which the cases admit. These directional changes 
arc so important, in a practical point of view, that 
some eminent writers on mechanism have made 
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them the basis of the classification of mechanism. 
But, however eligible in a practical point of view 
such a classification may be, there is complexity 
in its application, which renders it less suitable 
for scientific purposes than that method of classifi- 
cation which is based upon the nature or mode of 
action of certain elementary pieces of mechanism 
which enter, more or less, into every mechanical 
combination. 

Elementary Forms of Mechanism, 

13. In analysing the parts of a machine we find 
motion transmitted by jointed rods or links, by 
straps and cords, by wheels rolling on other wheels, 
and by pieces of various forms sliding or slipping 
on other pieces. Hence we have the following 
elementary forms of mechanism : 

(1.) Transmission of motion by jointed rods, — 
Link-work. 

(2.) By straps, cords, etc., — Wrapping Con- 
nectors. 

(3.) By wheels or curved surfaces, revolving on 
centres, rolling on each other, — Wheel-work. 

(4.) By pieces of various forms, sliding or slip- 
ping on each other, — Sliding-pieces. 

14. The velocity ratio, as well as the directional 
relation, in an elementary piece of mechanism may 
be either constant or varying. The number of 
combinations of which these elementary pieces 
admit, is almost unlimited. The eccentric wheel 
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is a combination of sliding pieces and link- work. 
The common crane is a combination of wheel- 
work, link-work, and wrapping connectors ; and 
BO on to other cases. 

A train of mechanism must be supported by 
some frame work ; the train of pieces being such, 
that when the receiver is moved the other pieces 
are constrained to move in the manner determined 
by the mode of their connection. Revolving 
pieces, such as wheels and pulleys, are so connect- 
ed with the frame that every portion of them is 
constrained to move in a circle round the axis; 
and sliding pieces are constrained to move in 
straight lines by guides. 

Mechanism is to a great extent a geometrical 
inquiry. The motion of one piece in a train may 
diflFer, both in kind and direction, from the motion 
of the next piece in the series : these changes are 
effected by the geometrical construction of the 
pieces, as well as by their mode of connection. 
The investigation of the law of these changes con- 
stitutes one of the chief objects of the principles 
of mechanism. 



II. ON LINK- WORK. 

15. Tf a bent rod or lever A c B turn upon the 
centre c, the velocities of the extremities A and B 
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will be to eacb otlier io the ratio of their diistauccs 

from the centre of motion c, that is, 

Telocity A circum. cir. A Q, A 
velocity B circum. cir, b Q b c 
ng 1. 11k ^ 





It is not necessary that the arms A and B 
should be in the same plane. Thus let c d be an 
axis round which the arms A E and B F revolve, 
then, 

velocity A perpend, dist, A from the axia 

velocity B perpend, diat. B from the axia 

FIJ. «, 




16. Let A B, B D, D E, be a series of levers turn- 
ing on the fixed centres c, q, and B ; then when 
the arcs, through which the extremities a and K 
are moved, are small the velocity ratio will be ex 
pressed by the following equality : — 
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Telo. A A C. B Q. D B 
Velo. E B C. D Q. BR 
that 18 to say, the velocity ratio 0/ P and p, is /ovnd 
by taking the product of the lengths of the arms ly- 
ing toward'r, and dividing by the product of those 
lying totvard P,. 

17. To find the velocity ratio of the rods A B and 
D, turning on the fixed centres, A and D ; and «>*»• 
nected by the link B 0. 




Through the centres A and d, draw the straight 

line DBA, cutting c B in E ; and from A and d let 

fall the perpendiculars a g and d k upon B, or 

it may be upon c B produced. Then 

ang. velo. DC a a 

ang. velo. a b~dk " ^ '' 
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that is to say, the angular velocities of the r^is D 
and A B are to each other in the inverse ratio of the 
perpendiculars let fall from their respective axes 
upon the direction of the link. 
Similarly we also have : 

ang. velo. DO A E 
ang. velo. a b d e ^ ^' 

hat is to say, the angular velocities of the rods D 
and A B are to each other in the inverse ratio of ike 
segments into which the link divides the line joining 
their axes. 

Thess3 velocity ratios are obviously varying, 
depending upon the relative positions of the rods. 

18. The Crank and Great Beam. — Let a b 
represent one half of the great beam of a steam- 
engine, D c the crank, and B c the connecting rod. 
Putting for the angle DOB, and Pi for the angle 
ABC; then 

velo. crank sin ^i 

velo. beam sin ^ '"^ ^' 

When the connecting rod B c is very long as 
compared with the length of the crank D c, then a, 
is nearly constant, being nearly equal to 90®, in 
his case, eq. (1) becomes 

velo. crank 1 

velo. beam sin ^ *** ^ >'• 

The crank must be in the same straight line 
with the connecting rod, at tlie highest and lowest 
3 
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points of the stroke of the beam, and then /3 = 
Iq these positions the crunk is said to be at its 
dead points. 

The velocity ratio, expressed by eq. (2), will be 
a maximum when /3 = 0, that is, the velocity of the 
crank will be a maximum when it is in its dead 
points. When ? ^ 90®, or when the crank is at 
right angles to the connecting rod, then the 
velocity of tiie crank is a minimum. 

If R = A B, or one-half the length of the great 
beam ; r = D c, the length of the crank ; and A = 
the angular oscillation of the beam, or the whole 
angle described by the beam in one stroke ; then 

r = R sin o ••• (3) 

which expresses the length of the crank in terms 
of the radius of the beam and angle of its stroke. 

A double oscillation of the beam produces one 
complete rotation of the crank, or conversely, taking 
the crank as the driver, each rotation of the crank 
produces a double oscillation in the beam. 

From eq. (1) it follows, that the velocity of the 
crank is equal to the velocity of the beam, when 
8 = |3i or angle D c B is equal to angle ABC; that 
is, when the position of the crank is parallel to 
that of the beam. 

By this form of the crank the reciprocating circu- 
lar motion of the extremity of the beam is changed 
into a continuous circular motion ; and conversoly 
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into a 



a atniinuous circular motion is changi 
reciprocating circular motion. 

19. To determine the various relations of position 
and velocity of the CRANE and piston m a locomo- 
tive engine. 

Here the connecting rod, 
D E, is attaclied tu the ex- 
tremity of the piston rod, 
p II, and the length of tiie ] 
stroke of the piston is equal 
to double the length of tlie 
crank, P E. Moreover, the 
centre, F, of the crank ia in 
th^ same straight line with 
the axis of the cylinder or 
the direction of the piston 
rod. 

Let /=:D B, the length 
of ihe connecting rod ; 

/,= P D, the length of 
the piston rod ; 

r = Y v., the length of 
the crank ; 

A ^ F D, the varying dis- 
tance of the extremity of 
the piston rod from the 
axis of the crank; 

h = the corresponding 
height of the stroke of the piston ; 

S = the varying angle, FED, which the t 
torms with the direction of the connccling ro 




\ 
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(1.) The velocity ratio of the crank and pistmi w 
expressed by the following equality : 

velo. crank 1 ,^. 

~i w— = '' (2)r 

velo. piston sm ^ ' 

where /3 in eq. (2) is put for angle K P D ; that is. 
the angle which the crank makes with the direc- 
tion of the piston rod. 

This latter form of the expression is the same 
as that given in eq. (2), Art. 18. 

(2.) When the piston is at the bottom point of 
its stroke, its distance from F = PE + ed + dp 
= r + Z + Zi ; also FD = FB + DE = r + Z. 

When the piston is at the middle point of its 
stroke, then F D = E D ; that is to say, in this 
position of the piston d E F will be an isosceles 
triangle-. 

(8.) The position of the crank at any point of the 
stroke of the piston is determined by the two following 
general equations: — 

k = r+l—h...{S). 
eos. = ^- ^...(4). 

When the piston is at the middle point of its 
stroke, then h=r, and eq. (4) beoom(3s 

r 

cos $ = 2~7 '"(^)- 
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WhcQ the crank is at right angles to the 
connecting rod, 9^90°, and then we find from 

«q-W. 

h^r + l — \^r' + l ...(6). 

This expression is, obviously, less than r, or 
halF the whole stroke of the piston. Hence ii 
appears that the crank is at right angles with the 
connecting roil, before the piston has attiiiiicil tiie 
middle point of its upward stroke. 

20. Fig. 7 shows how a rotation of the axis a ia 
transmitted to another C, by means of the two 
erjua) cranks a b and c D, connected by the con- 
necting rod i> B, whose length is 
equal to the distance A c, between i 
the two axes. In all positions 
of the cranks, the figure a b c d 
will be a parallelogram, and the j 
velocity of D will always be uqual 
to the velocity of B, and the mo- 
tion of the axis c will be exactly 
the same as that of the axis a. 

21, Two sets of cranks may be 
placed upon the axes, having the 
cranks on each axis at riglit an- 
gles to each other, similar to the 
mode of connecting the wheels of 
a locomotive engine, as showii in fig. 8, where 
the cranks are formed by bending, or loops made 
in the axes These axes must be parallel to each 




fl 
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other, and the coDoecttng rods must also be of 
equal lengths. 

Tbe advantage of this combinatioa consists in 
maintaining a constant moving pressure, by which 
means an equable motion is sustained without the 
aid of the inertiffi oi' the machinery. 




22. Tbe double universal joint, represented in 
fig. 9, furnishes another example of link-work, 
for transmitting motion from one axis to another 
axis. This useful piece of mechanism should be 
constructed, so that the extreme axes, a b and c u 
would meet in a point, if produced, and the angles 
which they respectively make with the centra,! 
line of the intermediate piece, e f H Q, shall be 
equal to each other. 




TO CONSTRUCT WATT S PARALLEL MOTIO?J. 

23, This beautiful and useful piece of meuh.in 
ism is formed by a combination of link-work. 

Let A B and c D (see figs. 10 and 11) be two 
rods, turning on the fixed centres A and D, and 
connected together by 
the short link B; j 
then when motion is 
given to the rods, 
there is a certain 
point, E, in the link 
B, which will move, 
or very nearly move, in a straight line. In mat- 
ter of fact the jialh, or locus, of this point is a 
curve of the fourth degree; but when the motion 
of the rods is limited, and their lungths are con 
siderable, as compared with the length of their 
connecting link, this path becomes almost exactly 
a straight line. 
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In fig. ll.CBKRis a parallel frame of links*, 
to the joint R is attached the piston rod R P of tho 
steam engine; and to the point E is attached the 
piflton rod of the air-pump. 

(1.) To find the point £ (see fig. 10) to which the 
air-pump rod must be attached, having given tli/t 
radius rod D, the link c B or Q o, and Uie rod A B 
or A (h forming a part of the great beam. 

Let p Q, A G be an extreme position of the rods. 
Let the rods be moved to the position A B G D, 
where the link B is perpendicular to A B and- 
D 0. Produce B c, meeting the link Q o in the 
point E ; then £ will be that point of the link which 
will most nearly move in a vertical straight line. 
Tlie ratio of Q E to o E is generally expressed by 
the following equality: — 

a 

(r sin o \ 
. A / 
R Sin ^ ' 

where r=a b, r = DC, a = angle c D q, and A = 
angle BAG. 

Practically the link Q G or c B deviates very 
little from the vertical; and the angles a and A are 

small ; hence, r sin ^ = R sin ^ very nearly ; in 
this case, therefore, eq. (1) simply becomes 

'- = - - (2); 

GE ^ ^ ^» 
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and from this equality we readily find, 

i> Q X G Q ,„, 

which gives the position of the point E, as re- 
quired. 

GQ 

When D Q = A G, then g E = -— , that is to say, 

in this case, the point K is at the middle of the 
link Q G or D. 

Example, — Let A B or A G = 5 ft.; D o or D Q =r 
4 ft.; and c B or G Q = 1*5 ft.; then by eq. (3) we 
have, 

4x1-5 2 ^ 

G E = -7-rr = Q ft. 
4+5 3 

(2.) To find the length of the radiiis rod D c (see 
fig. 11), when the divisions A B and B K, on the beam 
are given. 

In this case. 

A B* 

The radius rod, d c = ••• (4). 

B K ^ 

When A B = B K ; then D c = A B ; that is, in 
this case, the radius rod will be equal to the divi- 
sion A B on the beam. 

Example, — Let A B = 6 ft., and B K = 4 ft. ; then 

by ea.(4') we have, 

& 
The radius rod, d c = -7- = 9 ft. 

4 
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To multiply Oscillations hj means of Lhiktoork. 

24. Fig. 12 represents a ajstem of links B X 0, 

c D, and D E, turning on the fixed centres A and e, 

and having the arms A B and A united to the 

Bame centre a. The construction is such, that 

while the rod a b 

makes a «in^/e 03- 

I cillation from B 

I to I, the rod E D 

I willmakeatfou&fe 

I oscilhtion, viz^ 

I from D to F, and 

I back from f to d. 

I The oscillations 

I of A B are pro- 

I duced by the ro- 

I tation of a crank 

I (see Art 17), or 

1 by any other 

I means. 

The conditions 
I of the construc- 
I tion may be stat- 
id as follows : 

Given the 

lengths of the 

arms A c and E d, the lengths or angles of thdr 

oscillations, and the length of the connecting link 

D, to construct tlie mechanism, so that the rod 
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E J) shall perform two oscillations whilst A B 
makes one. 

Let B A be the position of the beat lever at 
the commencement of the upward oscillation. 
Draw A I and A h, making the angles B A I and 
A H each equal to the angle of the oscillation 
From A as a centre, with a b and A c as radii, de- 
scribe the arcs B I and c H. Through a draw A 
G F bisecting the angle c a ii cutting the arc c n 
in G. On A G P take A F equal to the sum of the 
rods A c and D, and make F D equal to the given 
length of the oscillation of E D. Prom D and F 
as centres, with a radius equal to the length of the 
rod E D, describe circles, cutting each other in B ; 
then E will be the centre of the rod E D, which 
will perform two oscillations, whilst the rod A B 
makes one. 

When A B and a c are in the middle points of 
their oscillations, the rod E D will have the posi- 
tion E F, that is, it will have performed a complete 
upward oscillation. When A B and A c have per- 
formed the remaininor halves of their oscillations 
the rod £ F will have returned to the original po- 
sition, that is, it will have performed a complete 
downward oscillation. 

In like manner the oscillations may be further 
multiplied, by connecting E D with another series 
of links. 
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To produce a Velocity which shall be rapidly 
retarded, by means of LirJc-work, 
25. In fig. 13, R A c and K D represent two rods, 
turning on fixed eentres a and b, and connected 
by a link CD; the rod k d is supposed to oscil- 
late uniformly between the positions E D and K F. 
Xow tbe construction is such as to produce a 
rapidly retarded motion of the rod B c in moving 




from the position B A c to the position s A B, and 
conversely. 

The conditions of the construction may ba 
stated as follows : 

Given the rods e d and d c in position and mag- 
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nitude, the angle of oscillation D E p, and the 
length of the rod A c, to construct the mechanism. 

Bisect the arc D F in g, and then bisect the arc 
F G in K ; through the points K and E, draw the 
straight line K k c ; from D and K as centres, with 
a radius equal to the length of the link D c, de- 
scribe arcs, cutting K E o in the points and B ; 
from B and c as centres, witli a radius equal to the 
length of the rod A c, describe arcs cutting each 
other in the point A ; then A will be the centre of 
the rod A c. 

When the rod E D arives at the position E G, the 
rod RAG will have the position sab very nearly^ 
and it will have moved with a rapidly retarded 
motion. During the remaining half of the oscil- 
lation G F, the rod sab will remain, virtually, 
stationary. 

This piece of mechanism was first employed by 
Watt for opening the valves of the steam engine. 

To iproduce a Reciprocating Intermitient Motion by 

means of Link-work. 

26. A b and c d (fig. 14.) are two rods, turning 
on the fixed centres a and D, and connected by a 
link b 0. The rod A B is made to oscillate between 
the positions A B and A i, by means of a crank 
and connecting rod. The construction of the 
mechanism is such, that the rod D c will oscillate 
between the positions D c and D F, but with an 
intermittent motion. 
4 
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The conditions of the constructioo may o» 
stated as follows: 

Given the rods A B, B c, and c D in position and 
magnitude, to construct the mechanism. 




From A as a centre, with the radius A B, de- 
scribe the arc B I ; through c and A draw the 
straight line c A G, meeting the are in Q ; make 
G E equal to one third the arc G B, and on the arc 
take G I equal to G E ; on the line G a c take G F 
equal to B c ; then half the chord B 1 will give the 
length of the crank, and c F will be the arc 
through which the rod d c oscillates. 

Bisecting the angle b a e, &c., the position of 
the rod d' c' is found, which being connected with 
B. b^ the link b c', will oscillate exactly in a con- 
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trary manner to that of the rod n c, that la to any, 
when D c ia stationary d' c' will be in motion, and 
conversely. 

When the point B arrives at e, the rod D c will 
have completed, practically, its oscillation, and 
there it will remain stationary until the rod, turn- 
ing on the centre a, returns from the position a i 
to A E. 

The Ratchet-wheel and Delent. 

27, In fig. 15, A represents the ratchet-wheel, 
and D the detent, falling into the angular teeth of 
the ratchet, thereby admitting the 
wheel to revolve in the direction 
of the arrow, but at the same time 
preventing it from revolving in 
the opposite direction. 

In certain kinds of machinery, 
the action of the moving force un- 
dergoes periodic intermissions ; in 
such cases the ratchet and detent are used to pre- 
vent the recoil of the wheels, and sometimes to 
give an intermittent motion to the wheel, as in 
the following example. 



Intermiltent Motion produced hy Link-work connected 
with a Ratcliet-wheel. 

28. B K is a rod, turning on the iixed centre B. 
to which a reciprocating motion is given by the 
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connecting rod c of a crank, or by any olliei 
means ; s F ia a click, jointed to the rod B E at its 
Df. u- extremity, and gives mo- 

I tion to the ratchet-wheel 
A. At each upward stroke 
of the rwl B e, the click 
s T, acting upon the saw- 
like teeth of the ratchet- 
wheel, causes it to move 
round one or more teeth , and when the extremity 
r of the click is drawn back by the descent of the 
lever B B, it will slide over the bevelled aides of 
the teeth without giving any motion to the wheel, 
BO that at every upward stroke of the rod c the 
ratchet-wheel will be moved round and it will re- 
main at rest during every downward stroke of the 
rod. Thus the reoiprocatini; motion of the con- 
necting rod, c, will produce an intermittent circular 
motion in the axis A. 



ni, OS WRAPPINQ CONNECTORS. 

29. When the moving force of t!ie machinery ia 
not very great, conla, belts, and other wrap( ing 
connectors, are most usually employed in transt lil- 
ting motion from one revolving axis to another, 

30. The endless cord or 6eft A B c D, represeo 'sd 
ic figs. 17 and 18, passes round the wheels, / B 
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and c I), revolving on the parallel axes li k and 
Q F, and transmitis motion from the axis Q F to the 
axis R K, with a constant velocity ratio. In all 
such cases the motion is entirely maintained by the 
frictional adhesion of the cord or belt to the sur- 
lace of the wheel. 



Pi* IT. 




"When the cord passing round the wheels is 
direct, as in fig. 17, the motions of the wheels take 
place in the same direction, and when the cords 
cross each other, as in fig. 18, the motions of the 
wheels take place in opposite directions. 

If the wheel cj D makes one revolution, then. 

.. circum, c D radius c d „, 

No. revo. A b = -. = — r-. ■■■ (1). 

Gircum. A B radius A B ^ ' 

Or putting b and r for the radii of the wheels 
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c D and A B respectively, and Q and j for their lo- 
Bpective aynchronal rotations, then 

« = 5-(2). 

Example.^U the radius of the wheel D be 12 
Indies, and that of A B 9 inches, what will be the 
least number of entire revolutiona which tbej 
must make in the same time? 

Here, by eq. (2), we have 

9 R 12 4 



12 4 

The fraction -rr reduced to its least terms, is g, 

therefore the least number of syncbronal rotationa 
are 4 and 3, thut is to say, whilst the wheel c d 
makes 3 rotations, the wheel a b will make 4. 

31. Fig. 19 represents a system of three revolv- 
ing axes, ill which motion is transmitted from one to 
f,t. i». the otlier,by means 

of a series of belts. 
The belt being 
directinthewheels 
A and D c, their 
axes will move in 
the same direction, but as the belt crosses in pass 
ing from D c to H Q, their axes will movri in ojtpo 
«ite directions. 
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Here, whilst the axis B makes one rotation, tlie 

__ . rad. H GX rad. D o ,.. 

No. rotations A= — ^ 3 ••• (1). 

rad. E F X rad. i k ^ ' 

Or putting Ri = rad D c, Rj = rad. H G, &c., 
r, = rad. i k, r, = rad. E F, &c., and putting q and Q 
for the synch ronal rotations of the first and last 
axes respectively; then 

q Ri X R, X R, X &c. 

Q riXrgXr.x&c. '" ^ ^ 

Example. — In the mechanism represented in 
fig: 19, let Ri = 8, Rj = 15, ri = 5, r, = 4 ; required 
the least number of entire rotations performed in 
the same time by the axes A and B. 

Here, by eq. (2) we have, 

g_8xl5_6 
Q 5x4 1 

that is, whilst the axis B makes one revolution, 
the axis A will make six. 

32. In raising buckets from deep wells or from 
pits, a continuous cord coils round an axle or a 
drum wheel, as the case may be, the full bucket 
being attached to one end of the cord and the 
empty bucket to the other end ; the rotation of the 
axle coils up the cord to which the full bucket is 
attached and at the same time uncoils the cord to 
which the empty one is attached, so that whilst 
the former is ascending the latter is descending. 



a 



PBISCIPLES OF USCHANISM. 



Speed Pulleys, 

33 Fig. 20 represents an nrrangemeat of speed 

pulleyA ; A B and c d are two parallel axes upon 

each of which is fixed a series of pulleys, or 

_ wheeli*, adapted for a belt of 

given length, so that it may be 

shiiled from one pair of wheels to 

any other pair, say for example. 

from the pair a a, to the pair c c,. 

In order to suit this arrangement 

if the belt be crossed, tlie sum of 

Ihe iliamders of any pair of pulkya 

muft be a comlanl quantity, that is 

to say, it must be equal to the sum 

of the diameters of any other pair. 

By this contrivance, a change in 

the velocity ratio of the two axes 

is produced by simply shifting the 

bolt from one pair to another. 

In practice it is customary to make the two 
groups of pulleys exactly alike, the smallest pulley 
of one being placed opposite to the largest of the 
other. 

In a group of speed pulleys, let s ^ the constant 
sum of the diameters of the driver and follower, 
D =the diameter of the driver, d the diameter of 
the follower, and <i q the number of their synchronal 
rotations respectively. 

Q d 

then - = -, and 

q D 
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D = ^- (1), 

a = — -— ' or more simply, 

= s — D ... (2). 

Example. — Required the diameters of a pair of 
speed pulleys, when the sum of the diameters is 
80 inr-hes, and the driver makes two revoluticns, 
whilst the follower makes three. 

Here s = 30, Q = 2, and q = 3 ; then by eq. (1) 
and (2) we have 

3x 30 
D= -^—=18 in.; and rf = 30 — 18 = 12 in. 
5 

If the constant sum of the diameters of a group 
of pairs of speed pulleys be 12 inches, and the 
diameters of the pulleys Oi, h^, Ci, di, ei, be 10, 8, 
6, 4, and 2 inches respectively, then the diameters 
of the pulleys a, b, c, d, e, will be 2, 4, 6, 8, and 
10 inches respectively ; and as the strap is shifted 
from one pair of wheels to another, the relative 
velocities of the axes CD and AB will be as the 
nnmbers J, J, 1, 2, and 5. 

34. It is customary to construct the pairs of 
speed pulleys so that the rotations of the follower 
may be increased or decreased in a certain geo- 
metric ratio. Thus, if r be this ratio, then for 5 
pairs of speed pulleys we shall have the series of 

terms — » -' 1, r, r*. for the different values of -, 
i« r ' ' ' q 
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tha ratio of the synchronal rotations of each pair. 
Or, generally, if n be the number of pairs, then 
^ ^ fi-^ fi— 1 

i 1 T" ~2~ 



JH^lf _?~?;-">^, ^ > will be the different 
r r 

Q 

values of — In this case, let Di, D,, ... , D„ = the 

diameters of the Ist, 2d, ... , and nth pulleys, re 

spectively, on the driving axis ; and these symbols 

taken in a reverse order, will be the correspond 

ing diameters of the pulleys on the driven axis 

s s 
then Di = —^ Di= j^^ and so on 

moreover we have Di»= s — Di, D„_i = s — D,, and 
so on. 

Example. — To find the diameters of a set of 5 

Q 

pairs of speed pulleys, so that values of - (the 

ratio of the svnchronal rotations of the different 
pairs) shall have the common ratio of §, the con- 
stant sum of the diameters of each pair being 26 
inches. 

Herer = §, n = 5, and S = 26, then from the 
foregoing formulae we find, 

26 26 

l>i=T:^(|)r = 18; D.= -j^ = 15|; 

26 
B, = -| I /2\> = 1^ J ^^d so on. 
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be belier 



But the remaining diameters wil 
Pound as follows: 

D,=26— 18 = 8; D. = 20— 15? = 10i. 

35. Two plain cones, li.iving their axes parallel, 
as shown in fig. 21, will obviously answer lli'e 
same purpose as the ordi- pig. ai. 

nary form of speed pulleys. 
The slant faces of the cones 
may be formed by any con- 
tinuous curve; but with this 
condition — that the sum of 
the diameters at every po- 
sition of the band shall be 
a constant. 




Fig. sa. 



Guide Pulleys. 

36. By the intervention of guide pulleys the di- 
rection of cords may ^e changed into any other 
direetion. Thus, by means of 
the guide pulleys B and C, the 
motion of the cord in the di- 
reution c D is changed into the 
direetion A B, 

Tlie cords » o and c b 
should be in the plane of the 
pulley c; and the cords c B 
and B A should be in the plane of the pulley B. 

37. Two guide pulleys, E and h, may be em- 
ployed to transmit motion from the wheel A to 




Pl(.tS. 
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the wheel B, when the axes of these wheels have 

any given direction. 

Let E H^be the line 
where the planes, 
passing throwgh the 
two wheels, intersect 
each other. In thia 
line assume any two 
convenient pointa s 
and h; in the plane 
of the wheel A draw 
the tangents K C and 
H D; and in the plane 
of the wheel B draw 
the tangents e f and 
H a; then CEFGHD 

will be the path of the endless cord, which will be 

krpt in tins patli by a guide pulley at £, in the 

pliine of c B p, and another guide pulley at h, in 

the plane of D H Q. 

The relative velocities of the axes a and B de 

peiid entirely upon the ratio of the radii, A D and 

B G, of the two wheels. See Art. 30. 




To prevent Wrapping Connectors from Slipping, 

88. The slip of the band on the wheel, when it 
13 not excessive, is in many cases rather an ad van 
tage tlian otherwise; but when motion is to be 
transmitted from one wheel to another according 
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lo some given exact ratio, gearing chai-na of various 
forms are employed as the wrapping connectors. 

39. In some cases the links of the gearicg chain 
lay hold of pins or teeth formed upon the wheel, 
IS ahowh in Hg. 25. In other cases, the links of 
ho gearing are joined together, something like a 




watch chain, and carry teeth which pass into cer- 
tnin notches made at corresponding distances on 
the edge of the wheel, as shown in fig. 24, 




Fig. IT. 



■10. When » belt moves a conical wheul, italway 
happens that the belt gradually moves toward the 
broad end of the wheel ; this is owing to the belt 
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bving more Htretclied on that side than it is od 
the other. 

41. Thia property enables as to construct a 
wheel so that a belt shall not shift on its e<1ge ; 
this is simply effected by mnking the edge to 
swell a little in the middle, as shown in fig. 27. 

42. When two rollers have to make only a 
limited number of revolutions in each direction, 

n(. M. the slip of the cord may 

be prevented by having 
a cord coiled round each 
end of the rollers in op- 
posite directions, so that 
while one cord is coiled 
on one extremity of the 

roller, the other cord is uncoiled from the othef 

extremity, as shown in fig. 2tS. 




11 ' 




'43. By a similar arrangement of cords on thfl 
lylinder e r (sei; fig. 29), a reciprocating motio)' 
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of this cylinder will produce a back anl forward 
motion of the carriage A B. 



Fig. 80. 



i Systems of Pulleys, 

44. A system of pulleys must at least contain 
one movable pulley. When a wheel, forming a 
part of a system of wheels connected together by 
cords, has a progressive motion, it materially 
alTects the velocity ratio of the receiver and the 
operator of the mechanism. There are a great 
many different systems of pulleys, but they all de- 
pend upon the difterent combinations of movable 
and fixed pulleys, and the different modes of redu- 
plication of a cord. 

45. In this system of pulleys 
there is one movable block and a 
single continuous cord with three 
duplications, so that whilst the 
moving force P acts by one cord, 
the movable block with its load 
is suspended by six cords; if w 
ascend one foot, each of these cords 
will be shortened one foot, and 
therefore the cord P will be length- 
ened six feet ; that is to say, the 
velocity of P will be six times that of W. 

46. In the system of pulleys represented in fig 
81, there are two distinct cords and two movable 
pulleys, A and B, making two duplications of cord; 
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then if B ascend one foot, a must ascend two feet, 
and the cord at p must be lengthened four feet; 
that is, the velocity of p will bo four times the 
velocity of w. 

(jenerally, if there are n moveable pulleys in 
such a system, then, 

velo. p = 2" X velo. W, 



r^. SL 



ii«. SI rif. n. 




47, The system of pulleys represented in fig. 32, 
contains two movable pulleys, one fixed pulley, 
and two single cords. In this case the velocitj 
ratio of p to W is as four to one. 

m. Fig. 33 represents a similar system of pul 
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leya, lo which the velocitj ratio of p to w is as 
6ve to one. 

In all these systems of palleys the velocity ratios 
are constant. 

49. In the compound wheel and axle, repre- 
sented in fig. Bi, the axle is oiada of different 
thickoessea, as at a and f)i. m 

B,and a continuous cord 
coils round these parts 
in different directions, 
and passes round the 
wheel of the movable 
pulley D, In one revo- 
lution of the wheel c p, 
the space moved over by the pulley D is equal to 
half the difference of the circumferences of the 
axles A and b. Putting Ei for the radius of the 
wheel C P, R for the radius of the axle A, and r for 
the radius of the axle B; then we have for the 
velocity ratio 

velo. P 2 R| 

velo. w R — r 

If B, = 10, E = 4, r = 3} i then 

velo. P _ 2x 10 _ 
velo. w — 4^^3j ~ 

This piece of mechanism belongs to a class which 
produces what has been called differential moHont, 
6* 



r 
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their ubjeut being to produce a slow and dellniu 
motion in a body by the moat simple and practi 
jable means. 

TO PBODUCE A VARYCVQ VELOCITY RATIO BY 
MBAN3 OP WBAPPIKQ C0MNBCT0R3. 

50. To find the ratio of the angular velocities 
of two eccentric wheels, moved by a cord wrap 
ping over each. 

Let D be a cord wrapping round the wheels, 
Fi,, M. whose axes of motion are 

A and B ; their line O D will 
be a tangent to the two 
curves forming the edges 
of the wheels. On d c 
produced let fall the per- 
pendiculars A Q and B K ; 
then the velocity of thi 
cord, in thia position of the 
wheels, will be equal to the 
velocity of the point q, and at the same time it will 
also be equal to the velocity of the point E : henc» 
we find, 

angular velocity a c BK 

angular velocity B U ~ A Q "' ^ '' 

tliiit is to SUV, the angular vehcitiet are inversely a» 
the ptrptudic} liars let fall upon the cord from the axe. 
tf motion. 
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51. Let B be a movable pulley suspended from 
t'ne continuous cord P A B C, "»• "■ 
pasiiiDg over a fixed puHey 
A, and attached to a point 
c in the same horizontal 
line with a. Let fall B d 
perpendicular to A C ; then 
B c will always be equal to 
B A, and B will move in a vertical line b d. Hence 
we find, 

velocity p ^ B D 

velocity w " B a ■" ^ '* 
This expression may be put in the following 
trigonometrical form: 
velocity P 
velocity w 

52. Fig. 37 represents a simple and ingenious 
conti-ivance for communicating a varying velocity 
to the axis B, by means nt-st. 

of an endless band Q E 0, 
passing over an eccen- 
tric wheel A, a pulley 
B K, and a strelchinff 
pulky c. The curve of 
the eccentric wheel A, 
must be such as to pro- 
duce 'he varying velo- 
city required. The 
weight w, attached to the stretching pulley C, keep? 



^= 2 X cos P A B . 



(2). 
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the band constantly stretched, so that whatever 
may be the velocity of the cord upon leaving the 
eccentric wheel, it communicates the same velocity 
to the circumference of the pulley B K. From the 
axis A let fall A Q perpendicular to the cord Q K • 
then by eq. (1), Art. 50, the velocity ratio may 
oe expressed as follows : 

ang. velo. axis A B K 
ang. velo. axis B a Q* 

Let the axis a revolve uniformly, and let the 
radius B K of the pulley be given ; then 

The ang, velo. axis B will vary as the perpend, A Q. 



IV. ON WHEEL-WORK PRODUCING MOTION BY 
ROLLING CONTACT WHEN THE AXES OP MOTION 
ARE PARALLEL. 

' 53. Two wheels, E and F, in contact with each 



Fig. 88. 



other, revolve on the par- 
allel axes A B and c D: 
now if the wheels are in 
contact in any one posi- 
tion, they will also be in 
contact in every other po- 
sition, and their circum- 
ferences will roll upon 
each other, so that if the 
driver F revolve on its axis c D, it will communi- 
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cate a rotatory motion to the follower E in a con- 
trary direction, by the frictional adhesion of the 
liarta successively brought in contact. The cages 
of these wheels must have the same velocity, and 
therefore their angular velocities will be inversely 
as their radii. 

54. In order to render the transfer of motion 
perfectly exact, the edges of the wheels are formed 
itito teeth, placed at equal 
distances from each other, '' 

so that when one wheel ia 
turned, its teeth success- 
ively enter into the spaces 
formed on the edge of the 
other wheel. Thus, even 
with slight errors of con- 
struction, one wheel can 
not escape from the other, 
which may happen in the 
case of simple rollers. 

The numbers of teeth in the wheels, acting upon 

each in this manner, are in proportion to their 

radii. Thus, let the radius of the wheel A be 15 

inuhes, that of B 6 inches, and let B contain 8 

teeth; then 

15 
No. teeth in A = 8x-^=20. 
o 

Or, generally, if R and r be put for the radii of the 
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wheels, and N and n the number of their teeth 
respectively; then 

? = ?... (1). 

n r ^ ' 

Ilence angular velocities, as well as the synchronal 
rotations, of wheels, may be expressed in terms of 
their numbers of teeth; thus we have — 

ang. velo. A n 

ang. velo. B N ' ' ^ 

- synchronal rotation a q n 

also, \ :j -—. , or - = - ... (3). 

synchronal rotation B j N ^ ' 

Example. — Required the least number of teeth 
in the wheels a and B, so that B shall make 105 
revolutions per min. and A only 40. 

Here by eq. (o), - = --— = — - ; 
•^ ^ ^ ^ N 105 21 

that is, B will contain 8 teeth and A 21 teeth. 

The form which must be given to the teeth 
of wheels, so as to maintain a perfect rolling 
contact, will be explained in another part of this 
work. 

55. If the wheel A be the driver then B will 
be called the follower. Wheels acting in this 
manner are sometimes called spur-wheels. Small 
toothed wheels are called pinions ; thus B may be 
called a pinion in relation to a. 

56. Toothed wheels are said to be in gear when 
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their teeth are engaged together, atid tliey are said 
to he out of gear when tliej are separated. 

67, Ii. the train of wheels representtd io fig. 40, 




lot N„ N„ N„ &c., be" the nnmber of teeth in the 
driving wheels, and 7»i, n,, n* Ac, the number in 

the driven wheels ; Qi = the no. of rotations of the 
first axis, Q, ^ the no, of the second axis, and so 
on, performed in the same time; then 
Q, + .^ H..N..X,....K. 
Qi n, .n, . 7»i,.,.n« '"'■ '' 
This equality may be expressed in language as 
follows: — Tlie ratio of Vie synekronal rolatiom of the 
last and first axes, is equal to Oie continued product 
of the number of teeth in the driving wheels diviiled 
by the continued product of tlte number of teeth in the 
driven wheels. 

Similarly we have, 



.?=J-'_?J^*v vS^dLL 



■•■(21 



which maybe expressed in language as follows: — 
The ratio of the syjickronal rotation of Ike flrd and 
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last axes, is equal to Hie product of the separate fyn- 
chronal ratios of tlie successive pairs of aoces. 

The number of axes in this combination is 
always one more than the number of pairs of 
wheels. 

It is evident, from eq. (1), that the drivers and 
followers may be placed in any order in a train 
of wheel-work without changing the velocity 
ratios of the first and last axes. 

Example. — Let the number of pairs of drivers 
and followers be 3, that is, let m = 8, N"i = 16, 
N, = 15, N, = 14, Wi = 7, n, = 6, n, = 5 ; required 
the least number of synch ronal rotations of the 
first and last axes in the train of wheels. 

Here by eq. (1) we have — 

04 _ 16 X 15 X U _ 16 
Qi""T'x6x5""l'' 

that is, whilst the first axis makes one revolution, 
the last will make sixteen. 

58. If the number of teeth in a driving wheel 
be some exact multiple of the number of teeth in 
the follower, then the same teeth will come into 
contact in every revolution of the driver. Thus 
if the driver contains 30 teeth and the follower 6, 
then the same teeth will come into contact at 
every revolution of the driver. This arrangement 
of teeth is preferred by the clock and watchmaker ; 
but the millwright would add one tooth, called the 
Hunting Cog, to the large wheel, that is, ho 
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would have 31 teeth in the driver and 6 in the 
follower, because 31 and 6, being prime to each 
other, and at the same time nearly in the same 
ratio as 30 and 6, the same pair of teeth would not 
come again into contact until the large wheel had 
made 6 revolutions, and the small one 31. 

59. Eq. (3). Art. 54, enables us readily to find 
the number of revolutions which the wheels must 
make in order that the same teeth may come again 
into contact with each other; for it is only neces- 

sary to reduce the fraction - to its least terms, 

and the numerator of this reduced fraction will give 

the number of revolutions of the driving wheel 

as required. Thus, let N = 144, and n = 54 

o ')4 S 
then - =^ --= - : that is, the driver must make 3 
q 144 8 

complete revolutions, or the follower 8, before the 

same teeth can again come into contact. 

60. In a combination of wheels, whose motions 

are expressed by the equality - =-^- — ?, an in- 

Qi Wi . Th 

definite number of values may be assigned to the 
numbers of teeth, which shall produce a given syn- 
chronal ratio of the first and last axes ; but if Wj 
and n, be given, and Ni and N, be comprised within 
certain given limits; then a limited number of 
values may be found for Nj and n,. 

Thus, for example, let -' = 60, 7?i = ti, = 8, and 

Qi 

a 
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the values of Ni and N, uot to exceed 100 nor to 
he less than 40. 
Here we have — 

^^=60; 
8x8 ' 

.-. Ni . N, = 60 X 64 ; 

hence, Ni may be 60 and N, may be 64; but in 
order to determine all the combinations, we must 
put the product, 60 x 64, into prime factors, and 
then distribute these factors into different groups 
answering to the limiting values of Ni and Nj. 
Here, 60 x 64 = 2' x 3 x 6 ; hence we have 
1st combination, (2* x 3) x (2* x 6) = 48 x 80 
2d combination, (2» x 3) x (2' x 5) = 96 x 40 
3d combination, 2* x (2" x 3 x 6)= 64 x 60. 
61. When all the drivers contain the same 
number of teeth, and also the followers, then eq. 
(1), Art. 67, becomes 



^,f^=(^r-<^> 



By means of this formula we may readily de- 
termine the least number of axes requisite for 
producing a given synch ronal ratio of rotation 
between the first and last axes, when the number 
of teeth in the drivers cannot exceed Ni and the 
number in the followers cannot be less than ni. 

Find m, in eq. (1), equal to the highest whole 
number, which does not make the right member 
greater than the left ; then the least number of 
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axes will be m + 2, But if m, a whole number, 
can bti found so as to make the right-hand 
member exactly equal to the left, then in this cose, 
the least number of axes will be m + !■ 

Example. — Required the least number of axes 
in a train of wheels which shall cause the last a:iis 
to revolve 180 times as fast as the first axis, 
allowing that none of the drivers can contain more 
than 54 teeth, and none of the followers less 
^han 9. 

Here, we must find the greatest whole number 

for m, so that! -p- ) or (6)" sliall not exceed 180. 

This value of m is obviously 2 ; and the least 
number of axes will be 4, 



Idle WheU. 

62. The wheel c placed between two other 
wheels, a and B, does not affect ^_ 

the velocity ratio of these 
wheels; and hence the wheel c 
is called an idle wheel. This 
intermediate wheel, however, i 
causes the wheels a. and b to j 
revolve in the mme direction, 
whereas if A and B were in contact they would 
revolve in opposite direntiana. 
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Annular Wheeh. 
ft8. Fig. 42 represents an annular wheel A, hav 
ing its teeth cut on the internal 
edge of the annulus or rim. Tha 
toothed wheel B, revolving with- 
in the annular wheel a, causes 
it to revolve in the mme direc- 
tion; whereas two ordinary spur 
wlieels revolve in opposite dlnx- 
iions. 

Concentric Wheels. 

64. When two separate wheels revolve aljout 

the same centre of motion. 

they are called concentric 

wheels. The pinion D is 

fixed to the axis FE, whilst 

the concentric wheel c is 

fixed to a tube or cannon, n, 

which revolves freely upon 

the axis F E. The driving 

wheels, A and B, fixed to tb? 

parallel axis H 6, communicate the relative velo 

cities to the axis F e and to the cannon N. 




Wheel vjork when the axes are not parallel to each 
other, 

65. When the axes of two wheels are not paral 
lei to each other, motion is generally communi 
sated from the one to the other by bevel wheeh or 
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ievel fffar. When the axes are perpendicular u» 
tach other, the /ace wlwelandlantem, and tiie crown 
ijheel are fiijquently employed. 

Face Wheel and Lantern. 

66. In fig. 44, p represeots a face wheel, with its 
lantern L. Here 

■motion is trans- 
mitted from the 
vertical axis a b 
Jo the horizontal 
«xis AC. The 
teeth F on the face 
of the face wheel 
are called cog 9, 
which are usually 

made of iron, whilst the round slaves forming the 
teeth of the lantern, L, are made of hard wood. 
The axes A B and c li should, when produced, in- 
tersect in a point. 

Grown WheeU. 

67. Fig. 45 represents 
crown wheel a, with its 
pinion a, having their 
axes at right angles to 
each other. The teeth 
of the crown wheel are 
cut on the edge of a hoop, 
the plane of which is at 
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right angles to its axis, and the pinion is thickei 
than wheels are commonly made. 

Case I. To construct Bevel Wheels or Bevel Gear 
when the axes are in the same plane, 

68. Let A c and a b be two axes of rotation, i.. 
„. , the same plane, and cuttinor 

Fig. 46. ' ' '^ 

each other in the point A. 
On these axes two right 
cones, A 1) F and a D E, may 

\^ ^^"^^^ ^J^^ ^® formed, touching each 

other in the line A H d ; 
and also two right frusta, 
1) F G H and D H K E, of these 
cones may be formed. 

Now, if the frustum D F G H revolve on its axis 

4 

B A, it will communicate, by rolling contact, a 
rotatory motion to the frustum D H K E upon its 
axis c A. 

These frusta of cones will obviously perform 
their rotations in the same time as the ordinary 
spur wheels previously described. 

On the surfaces of these frusta a series of equi- 
distant teeth are cut, directed to the apex a of the 
cones, so that a straight line passing through the 
apex to the outline of the teeth upon the bases D P 
and D E of the frusta shall touch the teeth in every 
part as shown in the diagram. 

Wheels cut in this manner are called bevel gear 

Two wheels of this construction will alway 
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transfer motion, with a constant velocity iMio^ 
from one axia to the other, provided theav axea 
meet each other in a point, which poiQt being 
alwaj-8 made the apex of the frusta forming the 
bevel of the wheels. 

69. General problem. — Given the radii of two 
oevel wheels, and the position of their axes, to 
construct the frusta forming the wheels, the two 
axes being in the same plane. 

Let A B and A c be the position of the axes cut- 
ting each other in a. fi* « 
Draw 1 1 parallel to 
A B at a distance equal 
to the radius of the 
wheel on the axis A b; 
and draw H L parallel 
to A 0, at a distance 
equal to the radius of 
the wheel on the axis 
A c, cutting the line 1 J 
in the point d. From the point D, draw DBF per- 
pendicular to A H, and D c E perpendicular to A C. 
Take B P equal to b d, and c B equal to c D. Join 
A &, A D, and A P. At a distance equal to the thick- 
ness of the wheel, draw h g parallel to d f, cutting 
A D in H ; and through H, draw H K parallel to D E. 
Then D r Q H and D tl c E will be the frusta re 
quired. 
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Case it. 3b construct Bevel Oeor to/ten tlie axea an 
not in tfie same plane. 

70. This is usually done by introducing an in- 
termediate wheel with two frusta formed upon it, 
one frustum rolling in contact with the driving 
wheel, and the other frustum in contact with the 
driven wheel. 

71. Let A B and c u be the direction of the given 
axes ; take A D as a third axis, meeting the axes 

fi-^L A B and c D at any 

convenient points, A 
and D; then a will 
be the vertex, of 
two rolling frusta 
of eones q and H, 
and D will be the 
vertex of two other 
rolling frusta of 
cones I and E. 
Whilst the intermediate axis, with its two frusta 
of cones, revolves, the teeth of the frustum h will 
have a rolling contact with the teeth of the frus- 
' turn a, and at the same time the teeth of frustum 
1 will have a rolling contact with the teeth of the 
frustum E ; and thus motion will be transmitted 
from the axis A b to the axis c D with a constant 
velocity ratio. 

Let Qi and Q, be the number of rotations per 
formed by the axes A B aud c D respectively in the 
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same time; a, =thenuniber of teeth io the bevel 
wheel Q; ni^the number in the edge h; N, ;= 
the number iu the edge i; and n, = the numbei 
in the bevel wheel K ; then, 

Q, n, . n, 
which is similar to the expression given in eq. (1), 
Art. 57. When n, = n„ then this equality be- 
comes, 

?■ = "■.. (2). 

In this case the intermediate bevel wheel, l n 
may be regarded as an idle wheel. 

VARIABLE MOTIONS PRODUCED BY WHEEL WORK 

HAVING ROLLING CONTACT. 

72. Two curved wheels, e p and F p, having 

rolling contact, revolve on the axes A and B. In 

order that these wheels may 

roll on each other without ^ 

slipping, or without produc- 
ing any strain upon the axes 
A and B, these axes must al- 
ways be in the lineof contact 
A p B, and if the curve p E on 
the one wheel be equal to the 
curve p p on the other wheel, 
the sum of the lines a e and 
B F must always be equal to a B, the distance be- 
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Iwecn the centres of motion. Vnrious carves may 
be Mnstructed, having this property. For exam- 
ple, two equal ellipses, B p and f f, revolving on 
their foci, A and B, and having a e and b f in the 
line of their major axes, will have a perfect 
rolling contact. Two equal logarithmic spirals 
have also the same property. 

Xiet D p c be the common tangent to the point 
of contact P ; from A and B let fall a c and B D 
perpendicular to D P c ; then, 

angular velocity a p B D B P 

— =— ; 5 — r-=^ = — or— ...fl). 

angular velocity BP AC ap 

Tliis result may be expressed in language aa 
follows: — I'/ie angular velocities of the wheels ar6 
inversely as the perpendiculars let fall upon the •com- 
mon tangent frtym the centres of motion. 




73. The form of wheels, represented in fig. 50, 
t!j used in silk-mills, and in the Gometarium. 
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The curves may be indefinitely varied, but they 
must always be constructed to answer the condi- 
tions explained in Art. 72. 

74. JRoemer^s Wheels. — E F and c D are the axes 
of two conical wheels or bevel-wheels K and G, 
having their vertices turned in opposite directions 
the teeth of K are formed like those of the ordinary 
bevel-wheel; but the teeth on Q are formed by 
a series of pins e i, fixed on the surface of the 
frustum G. By varying the relative position of 
these pins, any given velocity ratio may be ob' 
tained. 

75. Various combinations have been invented 
for producing a varying angular velocity ; such 
as the eccentric crown wheel and broad pinion, 
the eccentric spur-wheel with a shifting interme- 
diate wheel, and so on. 



INTERMITTENT AND RECIPROCATING MOTIONS PRO- 

« 

DUCKD BY WHKKL WORK, HAVING ROLLING 
CONTACT. 

76. The following is an example of an inter 
mittent motion produced by the continuous mo 
tion of a toothed wheel. 

A driving wheel A, having sunk teeth on a por- 
tion of its edge, communicates an intermittent 
motion to the wheel B, which has a corresponding 
number of teeth on a portion of its edge. The 
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Flu- « 




portion D c of the wheel B, beiog a plain arc of a 
circle described from a as centre, allows the plain 
portion of the wheel 
A to revolve with- 
out any interrup- 
tion. The wheels 
are brought into 
gear by a pin p, 
fixed to the wheel 
A, and a GUfDE- 
PLATK Q e, fixed to 
the wheel b. Now when A revolves, in the direc- 
tion of the arrow, the plain portion of its edge 
runs past DO without moving 
wheel B, and at the same 
time keeps it from shifting; 
but when the pin p comes into 
I contact with the guide-p]ate,the 
wheel B is moved round, and 
the teeth d e engage themselves 
with the teeth on b, and thua 
the wheel B is constrained to 
make a revolution; it then re- 
mains at rest until the pin p 
I again comes round to meet the 
guide- pi ate. 

77. The Back and Pinion.— 
By this combination a circular 
reciprocating motion is changed into a reciprocat- 
ing rectilinear one. Teeth are cut upon the edge 
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of the straight bars, B c and D E, so as t<> work with 
the teeth uptn the pinion A, These toothed bars 
are called racks, and they are constrained to move 
in rectilinear paths by guides or rollers. The 
racks in this combination move in opposite direc 
tioas. 

78. Fig. 53 represents an application of the 
double rack, for converting a continuous circular 




motion of a wheel, A, into a reciprocating recti- 
linear motion, given to the frame B ft. 

The teeth od a. are formed by pins or staves 
placed about one q^uarter round the face of the 
wheel ; these staves act alternately upon tbe racks 
formed on the upper and under aides of the frame. 
The tooth on each rack, which comes first into 
contact with the stave of the pinion, is made longer 
than the others, in order that the first stave should 
act obliquely upon it, thereby tending to lessen 
the shock. In this figure the lower stave is repre- 
sented aa leaving the last rack on the under aidei 
and the upper stave as commencing its action on 
the elongated tooth of the upper rack. 
7 
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Tlie Wedge or Movable Inclined Plane. 

79. Let A B c be a movable inclined plane oi 
-.'edge, sliding along the smooth surface D a, by a 

fig, Bj. pi-easure p applied tc 

the end b c, and pro- 
ducing a vertical motion 
i n a he;ivy rod G p, rest- 
ing on the planeA c,8nd 
constrained to move in 
a straight path by means 
of guide rollers. The 
velocity ratio of P and P, will be constant, being 
expressed by the following equality : 

velocity p ah length of the wedge 

velocity Pi B c thickness of the wedge. 
To Iranemit motion from an axis A D, to another 
axis B c, parallel to it. 

80. The a.^^is a d carries an arm a k, and a pin 

Pie, M. B F, which enters and 

slips freely in a slit 
made in the arm gb 
attached to the axis 
Bc. When the axis 
A D revolves, it com- 
municates a rotation 
in the same direction 
to the other axis B C. 
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but witli a varying velocity ratio, for the pin P 
continually ehaagea its distance at from the axis 
BC. 

When the distance between the parallel axes ia 
small, and the axis a d revolves uniformly, the 
angular velocity of the axis B C varies, very nearly, 
inversely as the distance, B F, of the pin from this 
axis. 

The Eccentric W/i^l. 

81. This mechanism is usually employed to 
give motion to the slide-valve of the steam engine. 
pij. »7. 1" fig. 57, B repre- 

sents the axis of 
the eceentrio 
wheel ; c the cen- 
tre of the cirsle; 
E R F K a hoop 
whicli embraeea 
tlie eccentrie 
wheel so that the one may revolve freely within 
the other ; E F I) a frame connecting this hoop with 
the extremity n of the bent lever di,g, turning 
on the fixed centre L. Now when the 'eccentric 
wheel revolves in the direction of the arrow, shown 
in the figure, the frame with the pin D ia pushed 
to the right, and when the lob aide of the eccen 
trie has passed the line of centres, B and D, the 
frame with the pin R is drawn to the left, and so 
on. Thus the continuous rotation of the axia B 
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produces a reciprocating circular motion in th« 
pin D. The stroke of the pin D will be equal to 
twice B, or double the eccentricity of the wheel. 

(hmbs. Wipers, and Tappets. 

82. Camba are those irregular pieces of mechan- 
ism to which a rotatory motion is given for the 
purpose of producing, bj sliding contact, recipro- 
cating motions in rods and levers. 

83. In fig. 58, B c D represents the camb, turn- 
ing on its axis a, and giving a reciprocating recti- 

Kg.as. linear motion to the heavy rod 

K P, which is restrained to move 
in its rectilinear path by the guide 
rollers. The rotation of the axis 
A being in the direction of tlie 
arrow, the rod B F has an upward 
motion until the extreme point B 
of the camb comes in a line with 
the rod, then the portion B o of 
the camb allows the rod to fall, 
by its own weight, or by the ac- 
tion of a spring, until the point a comes in a line 
with the rod, and so on; thus one revolution of 
the camb, here presented, will cause the rod to 
make three upward and three downward strokes, 
By varying the curve of the camb, any law of 
motion may be given to the rod. 

84. In fig. 59, the pin k of the rod is made tc 
traverse a groove k o n, cut in the camb plate, so 
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tliat the preafliire of tlic camb upon the pin pri; 

duces the downward stroke of 

tiio rod as well us its upward 

stroke. In tliis cjise the rod 

will only make one upwiird and 

one downward stroke in every 

revolution of the eamb plate. 

The length of the stroke of the 

rod will be equal to the diftljr- 

encu between A I) and ag, where 

D id the point in the groove 

furthest from the centre a, and 

a is the point nearest to it. 

85, Tojindtlie curve forming the groove of a camb, 
so tlial the vehdty ^^ ^ 

ratio of ihs rod and 
the axis of the camb 
may be constant. 

Let A be the cen 
tre of the camb, and 
c A B Q the direction 
of the rod. From A 
as a centre, with any 
convenient distance 
A C, describe the cir- 
cle c E D B N. On 
B A take B a equal 
to the length of the 
stroke of the rod; 
divide it into any 
7* 
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convenient number of equal parts, saj five, in tbe 
pointx, b, c, d, e, and divide the semicircle b D E F n 
into the same number of equal parts by the radinl 
lines, A D, A B, A F. From A as a centre, with A b, 
A c, Jl d, A. e, as radii, describe circles cutting a d, 
A B, ic,, respectively in the points g, k, l,m: then 
through these points draw the curve ag k Im c; 
and similarly in the semicircle BKC draw the 
other curve anp C. 

AH lines drawn through the centre A of this 
curve are equal ; tliua a C ^ ln = g p = 4c. 
Hence if the rod had two pins placed at a and C, 
the canjb would revolve between them, and would 
cause the rod to make a downward as well as iin 
upward stroke. This curve is the spiral of Archi- 
medes. 

By dividing the line b a into parts having a 




varying ratio to one another, any proposed law o( 
velocity may be given to the rod. 
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86. In fig. 61, the continuous rotation of the 
camb A EC, revolving on the axis A, gives an 
oscillating motion to the rod or lever P a, turning 
on the centre F. In oue revolution of the eainb 
the rod mfikes a double oscillation in the arc a a,. 

87. Wipers. — When the rod is to receive ii series 
of lifts with intervals of 

rest, the camb is made 
into the form of project- 
ing teeth, which are com- 
monly called Wipers or 
Tappets, 

88. In fig. 62, the re- 
volving cylinder c has five 
wipers upon its circumference, which give five 
downward strokes to the hammer, H, placed at the 





extremity of the lever A H, i 
tHe cylinder. 



each revolution of 
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8(1. In fig. 63, two tappets, upon the revolving 
cylinJur c, give two downward strokes to tbe 
lieavy bar or stamper A B, in each revolution of 
the cylinder. In this case the bnr A B is cun- 
strained to move in a rectilinear path by meiiiis 
of guide rollers. 

90. In fig. ,6i, a single wiper on the cylinder C 
gives an intermittent rotation to the ratchet wheel 
A with its detfnt D. At each revolution of c 
only one tooth in A is moved round, ho that fi>r 
the greater portiun of the revolution of C the 
wheel B is at rest. 

91. In fig. 65, the continuoua rotation of three 

rig.w. 

wipers a,b,c, communicateB a reciprocating recti- 
linear motion to the frame A B C D. The wiper a 
is engaged with the palkt e, and at the instant 
of disengagement the wiper b becomes engaged 
with the pjdlet g, and then the frame starts iu 
motion in a direction contrary to that of the ar- 
rows; and so on. 

ITie Swask Plate. 

92. By this mechanism, the continuous rota- 
tion of an axis pro<luces a reciprocating recti- 
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linear motion iu a, rod, in the direction of its 
length. 

Here c B represents the revolving axis, to the 
top of which ia fixed the inclined circular flat 
plate A B, called the swash plate ; A D F the rod 
to which a reciprocating motion ia given in the 
the direction of its length, having 
a frictional wheel a at ita lower 
extremity resting on the swash 
plate. This rod ia kept in contact 
with the plate by its own weight, 
or, if this be not sufficient, by 
means of a spring. Now as the 
swash plate turns round, the rod 
A F is alternately raised and de- 
pressed, so that at every revolu- 
tion of the plate the rod performs an upward 
and a downward stroke. Supposing the rod, as 
represented in this figure, to be at the lowest 
point of its stroke ; from c, the centre of motion 
of the plate, let fall c D perpendicular to A f ; then 
AD will be equal to half the stroke of the rod. 
Moreover, let fl be any angle moved over by the 
axis, and let A be the corresponding space moved 
over by the extremity a of the rod ; then 

A = AD (1 — COS «), 

which givea the position of the rod at any point 
of the rotation of the plate. 

93. There are an almost endless variety of com- 
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binations for prodacing reciprocating motions of 
tbis kind, by means of sliding contact, 

94. In fig. 67, an eccentric revolving pin e, 
eliding or woiking in the slit of the arm r t gives 
a reciprocating motiun to the rod p q in tiie direc- 
tion of its length, 

95. In fig, 68, the same e£Fect is produced by 





the rotation of an eccentric wheel, a b, > 
a, within the fnime c D F E. 



96, Construction of a ffelix or Si-rew. — Let A a K 
be a cylinder, and a d k a piece of paper cut in the 
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form of a right angled triangle, having its height 
D E equal to the height A K of the cylinder. Now 
if this paper be wrapped round the cylinder, the 
slant edge A E of the paper will trace the helix or 
screw A a L 6 c K upon the cylinder. If A B = B o 
= C D be equal to the circumference of the cylin- 
der, the edge of the paper will form four convolu- 
tions, and the perpendiculars BP = IG = HE will 
be the distance between the threads of the screw, 
97. The pitch of a Screw is the distance B F 
between two successive convolutions. If ^ = B F, 
the distance between the threads of the screw, 
r = the radius of the cylinder, o = angle B f A ; 
then 

2 Ttr 



i = 



' • 



tan $ 



Vig. 70. 



98. We may also conceive the helix of the 
screw to be formed by the compound motion of 
a point. Suppose the cylinder to rotate uniformly 
upon its axis, whilst a point A upon its surface at 
the same time moves uniformly in the direction of 
its length : then, 
with this compound 
motion, the point A 
will trace the helix 
of a screw. 

99. Transmission 
ofnwtion by the screw, 
— Let eancm g be 




.•*< 
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a spiral groove cut upon a cylinder; A B the axis 
ou which it turns ; D E a rod parallel to the axis 
A B, and constrained to move in the direction of 
its length ; e a tooth attached to this rod fitting 
the groove of the screw. Now whon the wheel 
is turned in the direction of the arrow, the tooth 
with the rod i) E will be moved from left to right 
in the direction of its length, that is, parallel to 
the axis of the screw. 

The velocity ratio of the wheel and the rod 
D E will be constant, for we have 

velocity circum. described by 

> SIS ' ^— — — 

velocity E d pitch of the screw 

If R be the radius of the wheel c, r = the radius 
cylinder A B, v = velocity circum. c, v the velo- 
city of the bar D K, and so on as in art. 97 ; then 
the above equality becomes — 



V 

V 




2 


t " 


•(1); 


V 




R 

r 


lau 9 


...(2); 



iind when R = r, then — 



- = tan 9 ... (o); 



that is, the velocity ratio is equal to the tangent of the 
angle which the thread of the screw makes wit/i the 
sides of the cylinder. 



m 
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100. It is obvious that the number of teeth in 
the bar D K will not at all alter its motion. 
In fig. 71, the screw acts upon a series ot teeth 

Fig. 71. 




rig. 72. 



upon the rack D e. This arrangement, called the 
rack and screw, converts a circular motion into a 
rectilinear one. 

Solid Screw and Nut. 

101. In general the piece acted upon by the 

screw has its teeth, or rather its 
threads, formed in a cavity which 
embraces the whole circumfer- 
ences of the screw, and the 
threads of the one exactly fit- 
ting the threads of the other. 
This modification is shown in 
fig. 72, where N is the hollow 

screw fitting the threads of the screw s. The solid 
piece s is called the male screw, and the hollow 
piece the female screw or nut. 

102. Screws are either left handed, or right 
handed, according to the direction of the threads. 

103. It is important to observe that the follow- 
ing relations of motion subsist between the solid 

screw and the nut : 
8 
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1. When the nut is fixed, the solid screw will 
have a motion in the direction of its length, upon 
being turned round. 

2. If the nut revolves, without having any 
bngitudinal motion, the solid screw will have a 
motion in the direction of its length, provided it 
is incapable of revolving. 

3. If the solid screw revolves without having 
any motion in the direction of its length, the nut 
will have a longitudinal motion, provided it is in- 
capable of revolving. 

The first two cases are exemplified in the differ 
ent forms which are given to the common press 
and the last case is exemplified in the construc- 
tion of the self-acting slide rest of the lathe, and 
in other kinds of mechanism. 

The screw is usually employed for producing 
very slow uniform motions, and for exerting 
great pressure through a limited space. 

The Common Press, 

104. In fig. 73, s s is the solid screw, N the nut, 
N p the lever, B the lower press board which is 
constrained to move in an upward direction by 
means of the guide frame. 

Case 1. In this case the nut N revolves, but does 
not move longitudinally, but the screw s s is in 
capable of revolving. Hence the press board B 
IS moved upward at every revolution of the nut^ 
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over a space equal to the pitch of the screw, or the 

distance between the threads, that is, 

velo, P circum. described by P 

velo. B distance between the threads. 
Example. — Let the distance between the threads 

= i in., the length of the lever N P = 2J ft.; 

required the velocity ratio of the point p and the 

press -board B. 

velo. P 2 X 21 X 12 X S1416 , „. 

— ,— -= ^ r =753-984. 

velo. B i 

That is, the velocity of P ia 763'984 times that 

■j{ B. 

Ciwe 2. In this case N is a perforated cylinder 
forming part of the _ __ 

solid sjrew 3 a, and 
therefore turns witli it 
on a pivot which works 
In a socket placed on 
the under side of the 
press board B; the 
piece K fixed to the 
frame contains the hoi- 
low or female screw ; 
so that the solid screw, 
s 8, is capable of re- 
volving and of movin; 
longitudinally, whilst 
the Dut K remains ab- 
solutely fi.\e.l. 
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Chmpound Screw. 

105. This mechanism consista of two screws A 
Pin 74. aod D, the smaller one t 

working witliin the larger 
one A. The screw a works 
in a fixed nut or female screw 
at K, and is capable of revolv- 
ing and moving in the direc- 
tion of its length ; the small 
screw D ia incapable of re- 
volving, but is capable of 
moving in the direction of its 
length. In one revolution of 
the lever p, the screw a de- 
scends a space equal to the 
distance between its threads, 
but at the Bame time the screw d enters the hollow 
screw formed in A, a space equal to the distance 
between the threads on U, so that the extremity B 
will only descend a space equal to the difierence 
between the thickness of the threads on A and the 
thickness of the threads on B; hence we have 

velo. p circum, described by p 

velo. B dist. bet. th'ds on A — dist. beLth'dson n. 

If the length of the lever P = r, the pitch of 
the screw A. = t, and the pitch of D = d ; then 

velo, p 2tir 

velo. B ( — (, '■■'■ '■ 
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velo. 


P_ 


-Let r = 5 
2 X 5 X 12 


ft. 


31416 



} in., f| ^ I ill.; 

— , , — 3015-936 

velo. B i — f 

The same velocity ratio might be attained by 
flaking the pitch of a single screw a, equal to 
i — ([, but the threads, in this case, iniglit be loo 
weak to stand the pressure; hence tlie ailv:intage 
of the compound screw. 

. The Endless Screio. 

106. When the threads or teeth of a revolving 
screw ai-6 made to ^.^ „ 

act upon the teeth 
of a wheel, as in fig. 
75, the mechanism 
is called the endless 
screw. Here, each 
rotation of the axis 
A B of the screw 
turns round one 
tooth of the wheel 
c, the pitch of the 
screw on the axis a b being equal to the pitch of 
the teeth on the wheel. 

If Q and q be the synchronal rotations of the 
wheel and the screw respectively, and N the num- 
ber of teeth in the wheel ; then 

| = » -m- 
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If N = 40, then ^ = 40 ; that is, for every revo- 
lution performed by the wheel the screw will 
make 40, 

If R, r be the respective pitch-radii of the wheel 
Slid screw, o being, as before, the angle which th« 
thread of the screw makes with its axis ; then 

? = -tane...{2). 
Q r ^ ' 

The Differential Screw. 

107. A D is an axis on which are formed two 

screws, a b and b c, whose pitches are difierenl. 






The screw a b passes through a fixed nut or fe- 
male screw E, whilst b c passes, through a nut N 
which is capable of moving longitudinally, but 
incapable of revolving from the intervention ot 
the guides. 

Let the screw make one turn so as to move the 
cylinder from right to left, then the screw a b will 
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move through the fixed nut e a space equal to the 
distance between its threads; but, at the same 
time, the screw B c will move through the nui N 
a space equal to the thickness of the threads on 
B c ; so that the nut N will only be moved through 
a space equal to the difference between the thick- 
ness of the threads on A B and B c, that is — 

In one revolution of A, the space moved over 
by the nut N = pitch screw A B — pitch screw 
BC = t — ti, where t is put for the pitch of the 
screw A B. and ^i for that of B c. 

If < = <j, then nut N will remain at rest. 

If the screw A B be right-handed, and B "* left 
handed; then t +ti will be the space mo sred ovei 
by the nut N in one revolution of A 

The Archimedian Screw Creeper, 
108. This machine is used for conveying corn 

Pig. 77. 
D C 




from one part of a corn mill to another. It con 
sists of a wooden cylindrical trough, A B c D, within 
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89. In fig, 63, two tappets, upon the revolving 
cylinder c, give two downward strokes to the 
heavy bar or stamper A B, in each revolution of 
the cylinder. In this case the bar ab is con- 
Ktrained to move in a rectilinear path by meiins 
of guide rollers. 

90. In fig. 61, a single wiper on the cylinder c 
gives an intermittent roUition to the ratchet wheel 
A with its detent D. At each revolution of C 
only one tooth in A is moved round, so that for 
the greater portion of the revolution of c the 
wheel B is at rest. 

81. In fig, 6o, the continuous rotation of three 

Biaa 

wipers a,b,c communicates a reciprociting recti' 
linear motion to the frame A B C D The wiper a 
IS engaged with the pallet e, and at tiie instant 
of disengagement the wiper b becomes engaged 
with the pallet g, and then the frame starts itd 
motion in a direction contrary to that of the ar- 
rows; and so on, 

ITie Swisft Plate. 
92. By this mechanism, the continuous rota- 
tion of an axis produces a reciprocating recti- 
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linear motion in a rod, in the direction of its 
length. 

Here o e represents the revolving axis, to the 
top of which is fixed the inclined circular flat 
plate A B, called the swash plate ; A D F the rod 
to which a reciprocating motion is given in the 
the direction of its length, having 
a frictional wheel A at its lower 
extremity resting on the swash 
plate. This rod is kept in contact 
with the plate by its own weight, 
or, if this be not sufiiuient, by 
means of a spring. Now as the 
swash plate turns round, the rod 
A r is alternately raised and de- 
pressed, so that at every revolu- 
tion of the plate the rod performs an upward 
and a downward stroke. Supposing the rod, ag 
represented in this figure, to be at the lowest 
point of its stroke ; from c, the centre of motion 
of the plate, let fall D perpendicular to a F ; then 
A D will be equal to half the stroke of the rod. 
Moreover, let 9 be any angle moved over by the 
axis, and let A be the corresponding space moved 
over by the extremity A of the rod ; then 

A=AD (1 — COS e), 

which gives the position of the rod at any point 
of the rotation of the plate. 

93. There are an almost endless variety of com- 
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Let h and k^ be the number of threads per inch 
on the cylinders c D and F E respectively, then 



77=^; and t: = U, 



1 ^ 1 

and eq. (2) becomes — 

Now, let there be an intermediate pinion and 

wheel, turning on the same axis, placed between 

A and B ; and let the pinion (acted upon by a) 

contain e^ teeth, and the wheel c teeth ; then the 

velocity ratio of the axis F E will be increased by 

e 
the ratio -, and hence eq. (3) becomes — 

ExampU, — Let n = 30, n^ =10, ^i = J in. ; re- 
quired t. 

n 30 

Here by eq. (1), t= ^^ ' ^» ^ IQ ^ ^ ^ ^^ ^"* 

Tojiroduce a changing reciprocating rectilinear mo- 
tion by a combination of the camb and screw, 

110. E F is a conical shaped camb, turning on 
the eccentric axis A B, on which is cut the screw 
K, B, working in the fixed nut or hollovv screw N ; 
D c a rod resting on the camb, constrained to 
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move in the direction of its length, and to which 

tlie varying reciprocat- 

JQg motion is to 1 

given. Here, whilst 

the camb revolves, it 

has a continuous n: 

tion in the direction of 

tho axis A B, so that the 

lower extremity, C, of 

the rod D c describes a 

spiral or screw curve 

upon the cone whose pitch is equal to the pitch 

of the screw k b. The effect of this is to make c ii 

reciprocate in its path in such a manner that the 

stroke in one direction is shorter than that in the 

opposite direction. 

7h prodttce a boring motion by a combinalion of 
the screw and toothed wheels. 

111. Here it is required to produce a rapid ro- 
tation combined with a very slow motion in the 
direction of the axis. 

The screw i B is cut upon a portion of the re- 
volving axis A B ; this screw passes through a nut 
K capable of revolving with the wheel G, but in- 
cajiable of moving in the direction of its axis, as 
in Case 2, page 87; the wheel G is driven by the 
pinion l" revolving on the parallel axis d c; e ia 
a long pinion, turning on this axis, and acting on 
the wheel L, which transmits a rotatory motiou 
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to the screw axis A B. Now the rotation of D 
produces a rotatory motion in the axis A B, and at 
the same time causes it to advance; in the direc- 



Fig. sa 




^L 



I7TOS?^E_tey 



I m 



tion of its length, with a velocity determined by 
tlie following formula. 

Let Q, Qi, ji be the synchronal rotations of the 
axis c D, the nut K and wheel G, and the wheel 
and axis A B, respectively ; N, Ni, n, ni, the number 
of teeth in the wheels F, G, e, l, respectively ; B 
the space moved over by A B in the direction of 
its length , and t = the pitch of the screw I B. 

Now Qi rotations of the nut K moves the screw 
A B through a space equal to Qi x / ; but q^ rota- 
tions of L moves the screw through a space, in 
the opposite direction, equal to ji x <; therefore 
in Q rotations of the axis C D, the screw A B will 
be moved through a space equal to the diflFerenoe 
between Q x ^ and qi x t, that is, 

8 = (g'i — Qi)<; 
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Q Ni' Q ni' 



(^-Jj^'-p)- 



as compared with q, and consequently s may be 
made as small as we please as compared with Q, 
which is the condition required for the construc- 
tion of a boring instrument. The boring tool is 
placod 'ipon one extremity of the axis A B. 



MACnmERY OF TRiNSMISSION 



CHAPTER II. 



ON WHEEIiS AND PULLETS. 



The elementary principles of motion by rolling 
contact and by wrapping connectors have already 
been explained, so that in the present chapter we 
have only to examine in detail the methods of ap- 
plying these principles and their respective advan- 
tages, and especially the mode of constructing 
wheels in gear, so that the resulting motion shall 
most nearly approach the condition of perfect roll- 



ing contact. 



We saw in the preliminary chapter that there 
were two methods of transmitting power through 
trains of wheel work, the first being through the 
agency of wrapping connectors, and the second by 
rolling contact. 

Wrapping connectors. — Considerable difference 
of opinion exists as to the best and most effective 
principle of conveying motion from the source of 
power to the machinery of a mill. The Americans 
prefer leather straps,* and large pulleys or riggers. 



* I have selected the word straps iostead of beltt or bands, 
as a term more generally applied to wrapping conueotori 
ill the northern districts. 

(99) 
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In this country, and especially in the manufactur- 
ing districts, toothed wheels are almost universally 
employed. In some parts of the South, and in 
London, straps are extensively used ; but in Lan- 
cashire and Yorkshire, where mill-woi-k is carried 
out on a far larger scale, gearing and light shafts 
at high velocities have the preference. Naturally, 
I am of the opinion that the North is right in this 
matter, and that consistently, as I was to a great 
extent the first to introduce that new system of 
gearing which is now general throughout the 
country, and to which I have never heard any 
serious objection. I have been convinced by a 
long experience that there is less loss of power 
through the friction of the journals, in the case of 
geared wheel work, than when straps are employed 
for the transmission of motive power. Carefully 
conducted experiments confirm this view, and it 
is therefore evident which mode of transmission 
is, as a general rule, tcj be preferred. 

There are certain cases in which it is more con- 
venient to use straps instead of gearing. With 
small engines driving saw-mills, and some other 
machinery where the action is irregular, the strap 
is superior to wheel work, because it lessens the 
shocks incidental to these descriptions of work 
So, also, when the motive power has been con- 
veyed by wheel work and shafting to the various 
floors of a mill, it is best distributed to the ma 
ithines by means of straps. 
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In some of the American cotton factories, how- 
ever, there is an immense drum on the first mo- 
tion, with belts or straps from two to three feet 
wide, transmitting the power to various lines of 
shafting, and these in turn through other pulleys 
and straps, giving motion to the machinery. From 
this description it will be seen that the whole of 
the mill is driven by straps alone, without the 
intervention of gearing. 

The advantages of straps are, the smoothness 
and noiselessness of the motion. Their disadvan- 
tages are, cumbrousness, the expense of their re- 
newal, and the necessity for frequent repairs. They 
are inapplicable in cases where the motion must 
be transmitted in a constant ratio, because, as the 
straps wear slack, they tend to slip over the pul- 
leys, and thus lose time. In other cases, as has 
been observed, this slipping becomes an advan- 
tage, as it reduces the shock of sudden strains, 
and lessens the danger of breaking the machinery. 

Very various materials are employed for straps, 
the most serviceable of all being leather spliced 
with thongs of hide or cement. Gutta percha has 
been employed with the advantage of dispensing 
with joints, but it is affected by changes of tem- 
perature, and it stretches under great strains. 
Flat straps are almost universally employed, in 
consequence of the property they possess of main- 
taining their position on pulleys, the edge of 

which ia slightly convex (fig. 81). Round belts 
9* 



Hf. ai. 

I 
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of catgut or hemp nre sometimes used, runnin<r 
grooves, which are better made of a 
triangular than a circular section- 
that the belt touches the pulley in two 
lines only, tangential to the sides of 
he groove; in this case the friction 
of the belt is increased in proportion 
to the decrease of the angle of the 
groove. 

The strength of straps must be determined by 
the work they have to transmit. Let a strap trans- 
mit a force of n horses' power at a velocity of w 
feet per minute, then the tension on the driving 

side of the belt is lbs. independent of the 

initial tension producing adhesion between the 
belt and pulley. For example, let v be 814-16 
feet per minute, or the velocity of a 24-inoh pulley 
at 50 revolutions per minute, and let 8 horses' 

, . J ^ 33000 X 3 

power be transmitted; then — qfrrrrt" == 312 lbs. 

the strain on the pulley due to the force trans 
roitted 

The following table has been given for deter 
mining the least width of straps for transmitting 
various amounts of work over different pulleys. 
The velocity of the belt is assumed to be between 
25 and 30 feet per second, and the widths of the 
belts are given in inches. With greater velucltiea 
the breadth may be proportionably decreased. 
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Tablb I. — Approximate Widths of Leather Straps, ih 
Inches, necessary to Transmit ant Number of HorsrV 

POWRR. 



r 



Hjraet' Power. 








1 


1 


8« 


3 


73 


8 


10-8 


4 


14-4 


6 


180 


7 


36-2 


10 


360 


12 


43-2 


14 




16 




18 




ao 




36 




' ao 




40 




60 




eo 




70 




80 




100 





Smallest Diameter of Pulley in Feet. 



18 

8-6 

6-4 

7-3 

90 

13-6 

18 

2t-6 

362 

28-8 

32-4 

360 

45 



1-3 
3-4 
8-6 

48 
60 
8-4 
13 
14-4 
168 
19-3 
31-6 
3»0 
300 
360 
48-0 



1-8 

3-7 

3-6 

4-6 

6-8 

90 

108 

13 6 

144 

163 

ISO 

32-6 

270 

36-0 

460 



•i- 



1-4 

21 

4-8 

3-6 

6-4 

7-2 

8-6 

100 

11-6 

12-9 

14-4 

18-0 

210 

28-0 

360 

43-0 



18 

2-4 

8-0 

42 

60 

7-2 

8-4 

96 

10-8 

12 

16-0 

ISO 

34-0 

30-0 

360 

43-0 



1-6 

30 

3-6 

3-6 

61 

61 

71 

8-3 

9-3 

103 

13-8 

16-0 

300 

250 

300 

35-0 

41 

61-0 



8 



1-8 
33 
8-7 
4-6 
64 
63 
73 
81 
90 



11 
18 
18 
33 
37 
31 
36 



460 



10 



1-4 

1-8 

3-6 

3-6 

43 

6-0 

67 

6-4 

7-3 

9-0 

100 

14-0 

180 

31-0 

360 

280 

36-0 



Toothed Wheels. — The second method of com- 
municating motion is by rolling contact, as ex- 
plained in the preliminary chapter.* But, in 
practice, the adhesion between the surfaces ie 
seldom sufficient to communicate the necessary 
power, and hence various contrivances — such aa 
th'e wheel and trundle, and toothed wheels — have 
been substituted. The general equations for velo- 
city, ratio, etc., are the same as if the wheels rolled 
on each other at the pitch circles, but in fact each 
tooth slides upon its fellow. The determination 



* See page 66. 
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of tbe best forma of tbese teeth so that the friGtion 
shall be a minimum and the motion uniform, ia 
one of the most important coDtributioDSof applied 
mathematics to practical engineering. 
I Of the introduction of toothed wheels and 
toothed gearing, we know very little. Hero of 
Alexandria, who wrote two centuries before ou*. 
era, speaks of toothed wheels and toothed bars ip 
away which seems to indicate that he was not 
altogether ignorant of this method of transmitting 
motion. Later forms are figured in great variety 
in the different colleutions of mechanical appli- 
ances of the sixteenih and seventeenth centuries. 

Spur gearing ia employed where the axes on 
which the wheels are placed are parallel to one 
another. The smaller wheel 
in a combination of this sort _ 

is termed the pinion. An- -JITH^ IfyTD 
nexed (fig. 82) is a pinion \ \ / 7? 
from Ramein (A. D. 1588). '^H ) ; 
which from its form, may be ' ^1 — t'C 

surmised to be of metal. The ^ j j 

principle on which spur gear- L . l-ljjr 

iug is constructed is primarily 
the communication of motion through the rolling 
of two cylinders on one another. The teeth are 
introduced to prevent slipping, and thus to insure 
the regular communication of the motive power. 

Jn the older wooden wheels, the teeth were 
usually formed of hard wood, and driven into 
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mortises on the periphery of a wooden wheel. 
The pinions were generally replaced by trundles, 
in which cylindrical staves, fixed at equal dis- 
tances round the periphery of two discs, were 
driven by the teeth of the wheel. 

The mortise wheels are still retained in countries 
where iron is expensive, and even in this country 
they are employed in a modified form. Iron 
pinions, with wooden cogs fixed in the periphery, 
are used to receive the motion from the fly-wheels 
of engines, with a view to reduce the noise and to 
increase the smothness of the motion ; and many 
millwrights prefer, in all cases where large wheels 
are required to run at high velocities, to make one 
of them a mortise-wheel, with wooden cogs. 

There does not appear to have been much im- 
provement in the construction of wood and iron 
gear since it was first introduced by Mr. Rennie ; 
the only exception being the introduction of a 
machine for cutting out the form of the teeth,* 
which in those days was done by hand, with -keys 
or wooden wedges fitting into dovetails in the 
' shanks ' of the cogs, as shown at a, fig. 83, on the 

* Mr. Smiles states, in his * Lives of the Bngineers,' that 
Brindlej, more than a centurj ago, invented machinery 
for the manafactare of tooth and pinion wheels, * a thing,* 
as stated by the aathor, ' that had not before been attempt- 
ed, all such wheels having until then, been cut by hand, 
at great labor and cost.' 
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coDcavB side of 

tberim; now they 

are made with an 

iron pin driven 

through the cog, 

close to tbe rim, 

as at b. The iron 

pinion or wheel intended to work in contact -with 

the wood teeth was, up to a recent date, turned 

ftnd carefully divided to the epicycloidal form, 
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KRi] then chipped and filed with great exactitude 
in crder to fit accarately into the wooden teeth of 
the driving wheel. In all the corn mills of the 
present day, and where great speed is required, 
the same attention to accuracy is observed in 
wood and iron gear as in former times. 

The greatest advance in the application of gear- 
ing resulted from the introduction, at the end of 
the eighteenth century, of cast iron in place of 
wood. The credit of the introduction of this ma 
terial is usually given to Smeaton, who began to 
use cast iron in the construction of the Carron 
Rolling Mill, in 1769. But the late Mr. John 
Bennie, when at Boulton and Watt's, in 1784, waa 
probably the first to carry the use of cast iron into 
all the details of mill work. Figs. 84, 85 are 
copied from the original designs for the Soho 
^^^ Rolling Mill, dated 
1785. But the Al- 
bion Corn Mills, 
buillabout the same 
time (1784-5), may 
becoDsideredasthe 
earliest instance of 
I the entire replacing 
of wood by cast 
iron for the bevel and spur wheels and shafts. 
This was effected by the same distinguished en- 
gineer. 

Whore the shafts of the wheel and pinion are 




108 MACHINERY OF TRANSMISSION. 

not parallel to each other, various forms of conical 
trundles and bevel wheels, are employed. The 
simplest plan is probably the face wheel and trun- 
dle shown iu fig. 86, which have been employed 
^rom a very early period, and which, if made of 
metal, take the form of the crown wheel and pin 
ion, fig. 87. Where the axes are not at right 
angles, conical trundles have been used, one of 
which is figured in Bessoni (A. D. 1578.) 

The most perfect arrangement, however, is that 
in which two wheels called 
bevel wheels are employed 
constructed in the form of 
frusta of cones. These 
were not introduced till 
the middle of the last cen- 
tury, the principles of the 
construction of the teeth 
being due to Camus (A.D. 
1752). Fig. 88 shows a bevel wheel designed for 
the Rolling Mill at Suho, by the late Mr. Rennie, 
in 1785.* 

* It is evident from the shape of the eje of these wheels, 
figs. 84, 85, and 88, that thej were intended for wooden 
shafts, and that cast iron had not been in use much before 
that time. At an earlier period, Mr. W. Mardock, of Soho, 
had a cast iron bevel wlieel, which was considered the first 
introdaced into Scotland, many years previous to the above 
date. Mr. Smeaton also had introduced iron wheels at Car- 
ron in 1754, and afterwards at a mill at Belper, in Derby- 
shire (See Smiles's " Life of Rennie,'* page 138. J 
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The smoothness and economy of wheel work de- 
pend entirely upon the accuracy of the curvature 
of the individual teeth which gear with one an- 
other. Two chief defects result from imperfec- 
iuns in their construction ; first, the motion com- 




municated to the driven wheel is irregular, in- 
creasing and diin'nishing alternately as each tooth 
passes the lin'; of centres ; and, second, there is an 
unnecessary friction between the teeth in gear, 
resulting not only in loss of power, but also 
causing a great and destructive wear in the teeth 
10 
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and journals. These defects can only be avoided 
by reducing, as far as praticable, the size of the 
teeth, and by the adoption of true principles in 
setting out their curvature in the original model. 

To the first cause alone a large part of the per- 
fect action of modern machinery of transmission 
is to be attributed; but there is moreover no 
doubt that, in practice, even where true principles 
have not been adopted, a considerable approach 
has been made to such forms as theory requires. 
Now, with certain limitations, it is known that if 
any form of tooth be taken for one wheel, there 
can be found another tooth which will work cor- 
rectly with it. But there are certain forms which, 
being susceptible of accurate mathematical deter- 
mination, are most convenient for the purpose. 
Camus, in 1752, was the first to work out the pro- 
perties of epicycloidal and hypocycloidal curves 
when employed in the construction of the teeth of 
spur and bevel gearing. De la Hire adopted the 
same form. Euler, in 1760, and Kaestner, in 1771, 
investigated in a similar manner the properties 
of the involute. Since their time, Ferguson, Bu 
chanan, Hawkins, Eennie, and Airy, have all con 
tributed to perfecting the mathetnatical theory. 
And Professor Willis, amongst other important 
additions, has shown how a close approximation 
to a true form may be made by the adoption of a 
system of circular arcs. 

From 1788, when Eennie completed the A Ibion 
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Mills, to the present time, wood and iron gear 
have been in general use for high velocities, and 
for every description of machinery where smooth- 
ness and accuracy of motion were required. Mr. 
Rennie was the first to introduce this system ; and 
in most cases he made the driver, or large wheel, 
with wood cogs, and the driven, or pinion, of iron 
" chipped and turned " — that is, every tooth of the 
iron wheel was carefully divided in' the pitch, 
having first been turned on the fane and the ends 
of the teeth, and drawn to the epicycloidal form. 
They were then chipped with the hammer and 
chisel, and accurately filed to the required dimen- 
sions and forms. The same process was applied 
to the wooden teeth ; and these wheels, when duly 
prepared, were keyed on their respective shafts, 
and securely fixed in contact in the mill. 

yrhe chipping and filing process has of late 
years been superseded by a cutting machine, 
which effects the same purpose, with less risk of 
error ; and the good old system of a penny an inch, 
as practised in Rennie's time, has been exploded, 
much to the discomfiture of the old millwrights, 
who adhere with great tenacity to the hammer 
and chisel. Fig. 89 shows the cutting machine as 
constructed by Messrs. Peter Fairbairn and Co., of 
Leeds. 

The object of this machine is not only to pitch 
and trim the teeth of a large spur or other wheel, 
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Fig. » 
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but to turn the face and sides of the segmenta 
previously, when bolted to the arms. 

When used as a lathe for turning, the parts in 
use are as follows : B is a large headstock, carry- 
ing a hollow spindle (C), through which is inserted 
a mandrill upon which the wheel to be cut and 
turned is keyed. Provision is made for carrying 
the other end of this mandrill by a loose fixing. 
The hollow spindle is driven (with the wheel upon 
it) by a worm wheel (J) which is made to run 
looise on the spindle, but which is now by a lock 
bolt connected to the larger worm wheel or divid- 
ing w^heel (E), the worm of which is now thrown 
out, and which is keyed firmly on the spindle. 
The necessary speeds are given by the five-speed 
conb and mitre gear. The tool for turning is held 
in au ordinary slide rest, which moves transver- 
sally on a saddle, which slides and is fastened in 
the T groves of two stnmg beds (A), firmly se- 
cured to masonry, and between which the wheel 
revolves: 

When used for pitching and trimming, the lock 
bolt connecting the two worm wheels is removed, 
and the pitch is given by the train of change 
wheels and division plate (A). The place of the 
slide rest is now taken by a headstock carrying 
two cutters, one for roughing, and the other lor 
finishing. 

The finishing rose- cutter is the counterpart of 
10* 
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the space between the teeth, and ia transversed 
across, making both sides of the tooth alike. 

The remainder of the arrangement will be 
obvious from the sketch. The same machine can 
be also readily arranged for cutting worm-wheel 
teeth, or for bevel gear. 

The best form which can be given to the teeth 
of wheels is that which will cause them to be 
always, in regard to the power they mntoally 
eiert, in equally favorable situations, and, con- 
sequently, will give the machine the property of 
being moved uniformly by a power constantly 
equal. This would be accomplished by simple 
rolling contact, which corresponds with the case 
in which the teeth are infinitely small. 
Definiltons. 

1. Spur gearing is that in which the pitch lines 
of the driving and driven wheel are in the same 
plane (fig. 90). 

Pis M. riE.91. 



2. Bevel gearing is that in which the planes ot 
the pitch lines of the driving and driven whee 
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aro inclined to each other. In practice, they are 
in most cases at right angles (fig. 91). 

3. Of two wheels in gear, the lesser is called 
the pinion. 

4. When two wheels are in gear, a straight 
line joining their centres is called the line of 
centres. 

5. If the line of centres be divided into two 
parts, proportionally to the number of teeth in 
the wheel and pinion, these parts are called the 
proportional or primitive radii of the wheel and 
pinion. 

6. The radii of the circles which limit the ex- 
tremities of the teeth are called the true radii. 

7. If, from the centres of the wheel and pinion, 
circles be drawn with radii equal to the primitive 
radii, so that they touch one another in the line 
of centres, the circles are called the pitch lines of 
the wheel and pinion respectively. 

8. The acting surface of a tooth, projecting 
beyond the pitch circle, is called its face ; that" 
enclosed within the pitch circle, its flank. 

9. The pitch of a wheel is the distance measured 
along the pitch circle from the face of one tooth 
to the corresponding face of the next; it includes, 
therefore, the breadth of a tooth and space. For 
two wheels to work in gear, the pitoh must ba 
the same in each. 

10. Backs are toothed bars in which the pitcl 
line is a straight line. 
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11. In annular wheels the teeth are cut on the 
internal edge of an annalas, or 
ring (fig. 92.) 

In fig. 93, B F is the line of 
centres ; F A, A B, the primitive 
radii of the wheel and pinion 
respectively' ; a K l and a m N 
the pitch lines ; E L and M N, the 
pitch ; F L, the face ; and Q L the Sank^ of the 
tooth. 





The pitch of Wheels. 
We have seen that the pitch of a whenl ia t>ii^ 
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length of an arc of the pitch line comprising a 
tooth and space. Millwrights ordinarily measure 
the pitch as a cord of this arc, and, except in 
pinions with very few teeth, the two measure- 
ments sensibly coincide. 

Having the diameter of a wheel, and the num 
ber of teeth, the pitch may be found, as follows : 

Let jS be the diameter of a wheel, N the number 
of teeth, and p the pitch ; then, as 3*1416 D = the 
circumference of the circle, 

3-1416 D 

i> = — IT- 

or approximately, 

_22d 

~ 7n 

Conversely, if the pitch of a wheel be given, and 
the number of teeth, then the diameter may be 
found, 

pv 7 N^ 

^ = 31416 = "22" ^^^^'y- 

And if the pitch and diameter of a wheel be 
given, then the number of teeth may be found, 

3-1416 D 22 D 

N = = >— nearly, 

p 1 p -^ 

But since a wheel must contain a whole number 

of teeth, N may never be a mixed number. If, 

therefore, this equation gives N with a fraction, a 

wheel cannot be constructed of that diameter and 

pitch. In this case, however, by slightly increas- 
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ing or decreasing either the diameter or the pitch, 
the necessary conditions may be complied with. 

In practice it is convenient to limit the number 
of pitches, with a view to the reduction of the 
number of patterns required for casting. Thus, 
the following series gives all the most ordinary 
pitches of my own practice : — 
Spur flywheels, 5, 4J, 4, 3 J, 3 J, 3, 2 J. 2, 1 J inches. 
Spur and bevel wheels, 5, 4J, 4, 3J, 3J, 3, 2f, 2J, 

2J, 2i 2, If, If, IJ, If, U, 11 1, i inches. 
Wheels of smaller pitch than this are not used in 
mill-work ; but in machines, &c., the following 
pitches would probably be sufficient, viz : 

1» i i h i t i"ch. 
The value of yt = V ordinarily employed is not 
very accurate; hence it is convenient to calculate 

P 
beforehand the values of 7: 



^ 31416 ^ 
and tor 



31416 p 

the most useful pitches. 

The following table gives these values: 



r— ' 

Pitch in 
laches. 


3-1416 
Pitch. 


Pitch 
31416. 


Pitch la 
laches. 


3 1416 

Pitch. 


Pitch 
3 1416 


6 

3ii 

3 

2X 
2>i 

2 


06283 
0-6981 
07854 
08976 
0-9666 
10472 
1 1333 
1-2666 
1-3963 
15708 
I •67)6 


1-6916 
1-4270 
1-2732 
11141 
10346 
09648 
0-8764 
0-7968 
0-7136 
6366 
0-6937 




1 7952 
19264 
20944 
22848 
2-6132 
27924 
3-1416 
3-5904 
4-1888 
5-0265 
6 2832 


0-6570 
05141 
0-4774 
04377 
03978 
03680 
03182 
0-2785 
02386 
0>1988 
01661 



WHEELS AND PULLEYS. 119 

RuLB 1. — Given the pitch and number of teeth 
in a wheel to find its' diameter. 

Multiply the number of teeth by the constant 
in the third or sixth column of the preceding 
table corresponding to the pitch. 

Rule 2. — Given the pitch and diameter of a 
wheel to find the number of teeth. 

Multiply the diameter by the constant in the 
second or fifth column of the table corresponding 
to the pitch. 

If this rule gives a mixed number, or whole 
number and fraction, a wheel cannot be con- 
structed, as before said. The most convenient 
way of proceeding in that case will be to take the 
nearest whole number to the number given by 
the rule, and, using Rule 1, find a new diameter 
which will differ but slightly from the one pre- 
viously assumed. This new diameter must be 
taken for the pitch circle in constructing the 
wheel. 

Thus, suppose it required to find the diameter 
of a wheel of 2 inches pitch and 150 teeth. By 
Rule 1, we have d = 160 x 0-6366 = 95 J inches 
= 7 ft. 11 J inches. 

Or, required the number of teeth in a wheel of 
8 inches pitch and 9 feet diameter. By Rule 2 
N=108 X 1-0472= 113097. Here the wheel 
will contain very nearly 113 teeth ; but if we wish 
to know more accurately the diameter of a wheel 
of 3 inches pitch and 113 teeth, we find by the 
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1st Eule, D = 113 X 0-9548 = 107-89 inches = 8 
feet lly'^ inches. That is, a wheel of exactly 9 
feet coald not be constructed with a 3-inch pitch, 
but one of 8 feet 11^^ inches might and would 
contain 113 teeth. 

Professor Willis has employed another method 
of graduating the sizes of wheels. Suppose the 
diameter, instead of the circumference, to be 
divided into as many equal parts as the wheel has 
teeth, and let one of these parts be called the 
diametral pitch of the wheel, to distinguish it 
from the common or circular pitch. Let li be 
the diametral pitch, so that 

D 

and let a series of values be taken for M in simple 
fractions of an inch, so that 

1 

M= — 

m 

where N and m are always whole numbers. 

The ordinary values of m are 20, 16, 14, 12, 10, 9, 
8, 7, 6, 5, 4, 3, 2, 1, which include wheels in which 
the circular or common pitch varies from J inch 
to 3 inches, as shown in the following table, given 
by Pr lessor Willis: 
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Value 
ofm. 


Circular 

Pitch in 

inches and 

decimals. 


Circular 

Pitch to 

nearest 

one sixteenth 


Value 
ofm. 


Circular 

Pitch in 

inches and 

decimals. 


) 

Circular 

Pitch to 

nearest 

one sixteenth 


3 


1-047 


1 


9 


•349 




4 


•785 


} 


10 


•314 


/. 


5 


•628 


« 


12 


•262 


i 


6 


•524 


i 


14 


•224 




7 
8" 


•449 
•393 




16 
20 


•196 
•157 


* 



This system is convenient where wheels of small 
pitch are employed, and involves less calculation 
than the common system. 



P p 

Since - = M, we have u = ^-z rzr^ . 
N 3'1416 



There- 



fore, in the previous table (p. 118) the quantities in 

the third and sixth columns are the diametral 

pitches corresponding to the circular pitches in 

the first column, and the numbers in the second 

column are the corresponding values of m. In 

fact, this scheme differs from the first simply by 

expressing in small whole numbers the quantity 

3-U16 . ^ ^ 

instead of o. 

P ^ 

The following table (pages 122 and 123) gives 
the relation of diameter, pitch, and number of 
teeth, for wheels of from \ inch to five inches 
pitch, and of from 12 to 200 teeth. Intermediate 
diameters may be found by direct proportion, by 
multiplying the diameter given for a wheel of half 

11 
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or a third of the number of teeth by two or three, 
or by adding together the diameters given for 
two wheels the sum of whose teeth is the number 
required. For an odd number of teeth, add the 
number given at the head of the table as many 
times as may be necessary to the diameter for p 
wheel of the nearest number of teeth given. 

The Principles which Determine the Proper Form 

of the Teeth of Wheels, 

The problem which presents itself in the con- 
struction of the teeth of wheels, is to discover the 
curvature which they should have in order that 
they shall revolve through the action of the teeth 
in precisely the same manner as they would by 
the rolling of the circumferences of their pitch 
lines. 

The general principle by which this uniformity 
of motion is secured is as follows: — When wheels 
in gear act on each other so that a line perpendi- 
cular to the common tangent of the surfaces of 
the teeth at the point of contact passes always 
through the point where the pitch circles cut the 
line of centres, they will exert mutually the same 
force, move with uniform velocity, and be of true 
figure. 

Or, in other words, the teeth will be rightly 
constructed when a line drawn from the point of 
contact of the pitch circles to the point of contac 
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oF two teeth is a normal to the surfaces in contact 
in all positions of the wheel and pinion. 

Thus, let fig. 93 represent a wheel and pinion 
in gear, and let B A, A F be the primitive radii, 
and therefore A K L and A M N the pitch linesL 
Then if the teeth touch in and D, and the lines 
A 0, A D be always perpendicular to the common 
tangent to the touching parts, the teeth will be of 
true figure. 

Epkychidal Teeth 

The epicycloid is the curve traced by a fixed 
point in the circumference of a circle, which rolls 
over or within the circumference of another circle, 
or on a straight line. Thus, let the circle a 3 c 
be fixed, and let the circle o D K roll over its cir- 
cumference, then a point in the circumference 
of this the generating circle will describe an epi- 
cycloid 0, c', c", c'", a"", without the circle A b c. 
Similarly, a point F on the circumference of a gen- 
erating circle F G, rolling within the circum- 
ference of A B c, will describe an interior epicy- 
cloid or hypocycloid F, F', f", f'". 

The remarkable properties of the epicycloid 
which determine its fitness for describing the teeth 
of wheels are : 1st, when the generating circle is 
half the diameter of the base circle, and rolls 
within it, the hypocycloid is a straight line form- 
ing a diameter of the base ; 2nd, if through the 
points of contact of the generating circle and the 
11* 
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bnsio, anil the point describing the epicycloii), 
fltmight lines be drawn, the^e straight lines will 
be |N;r[>enditiular to the curvature of the epioyoloiil 
fnirn the jxiint of cfmtiiot B to the describing point 
at the»e points. Thus, for example, Bc'" drawn 




from tlic jwiiit of contact b to the describing point 
c'", is a normal to the curve at that point; i;inl 
similariy a f' is a normal to the curve at f'. 

Sii])pose in the sjinivi phints tlirei! circles kXV 
(fig, 95), wliich toucli'each other in tiie point a, 
and whose centres F B n are consequently in a 
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straight line. Let one of these circles be made to 
revolve round its centre, and force the other two 
Ui i.nrn round their centres, which we suppose to 

Fig. 8ft. 




oe fixed, moving these circles by the point of 
continual contact a, common to the three eircuni- 
ferenoes; it is evident that all the piirti of the 
oirenmforence of the circle made to revclve will 
\>e applied in succession to every part of the cir- 
cumferencea of the other two circles, in the same 
manner as if the two circles R and x remained 
immovable, while the third, T, revolved on the 
circumferences of the other two. Hence, if we 
suppose a style fixed to the circumference ol' tha 
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circle T, movable round its centre, the three circles 
having been obliged to turn by the motion of the 
one which has carried along the other two; when 
the style is at E, if each of the two arcs a c and A H 
be made equal to the arc A k, the style will have 
dcHcribed on the movable plane of the circle R, on 
the exterior part of which it revolves a portion 
K of an epicycloid, and on the movable plane of 
the circle X, within which we may consider it to 
revolve, a f)ortion K H of a hypocycloid. {(hmits.) 

These two epicycloids traced out at the same 
time by the style E affixed to the circle Y, will 
touch each other in the point £ ; for the straight 
line A K drawn through a, where the generating 
circle V touches its bases R and x, will be a normal 
to the two epicycloids. The same will be true in 
every position of the circles, viz.: that the epicy- 
cloid and hypocycloid will have a common normal 
passing through A. Hence, if K o and E H be the 
faces of two teeth on the wheel and pinion r and 
X respectively, the condition of uniform motion 
already given will be complied with, the teeth will 
be of true form, and if the hypocycloid e h be 
moved by the epicycloid E 0, or vice versdf the 
wheel and pinion R and X will move precisely as 
if they rolled together at their pitch circles. 

Wheels usuallv have their teeth constructed of 
such a form, that the flanks or parts within the 
pitch circle are bounded by straight lines radii of 
the pitch circles. Bearing in mind the property 
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already stated, that the hypocycloid described by 
a generating circle of half the diameter of the base 
is a straight line forming a diameter of the base, 
we may so arrange our generating circle in de- 
scribing the teeth of wheels as to comply with the 
above rule. By taking a generating circle Y of 
diameter equal to the radius of the base X, the 
hypocycloid E u will be part of a radius of x ; or, 
in other words, a radius B H of X will always 
touch the epicycloid c E described without th6 
circle B, by a generating circle Y, of a diameter 
equal to the radius of x. And the angle's E a 
being the angle of a semicircle, will always be a 
right angle. That is, the perpendicular to the 
straight line B h, at the point of contact with 
the epicycloid E c, will always pass through a. 

We liave hitherto supposed the circles moved 
by contact at the point A, in order to explain the 
generation of the epicycloid c E and straight lino 
E II ; but if we suppose these already described, 
the former being fixed to the circle R, and the 
latter to the circle x ; then if e H roll by contact 
on the epicycloid c E, it will UiOve the circle R 
precisely in the same manner as if the circle 
were moved by contact at a. 

Constniction of Epicycloidal Teeth, 

Since everv tooth in a wheel is of Dreciselv 
the same form, it is sufficient to construct a sin- 
gle pattern tooth of true epicycloidal curvature, 
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whitih may be used in setting oat all the other 
teeth. 

FI(.M. 




First method, when the generating circle is the 
same for wheel and pinion, the face of the tooth 
an epicycloid, and the flank a hypocycloid. 

Construct two templets A and B (figs. 96, 971 
having their faces arcs of llie pitch circle of the 
wht-rfl ior which the tooth is required, and a third 
teiriplet C cut to an arc of tlje intended generating 
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circle of the epicycloid. Fix a steel tracing point 
p in the edge of the templet C, and for conveni- 
ence a board F on which to draw the tooth, may 
be fixed beneath the templet B. Mark off on the 
boiird F (fig. aO) the pitch circle of llie wh.!el D E, 
and tiike distances a b, b c equal to the pitch of 
the teeth, and distances a a', b V equal to the 
tbickuess of the teeth. If then the templet c be 




placed touching b, and with the tracing point f 
coinciding with one of the marks as a, nnd be 
rolled toward E, the point will trace out an epicy- 
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cloid ap on the board F^ which will form one face 
of the tooth. Next let the point p be made to 
coincide with a', and the templet c be rolled toward 
D, the other feoe of the tooth will be described. 

To draw the flanks, the templet A must now be 
fixed on the board F, with its face in contact with 
B ; remove B and describe hypocycloids (fig. 97) 
from a and a', by rolling C on the inside of the 
pitch circle. 

The length of the teeth is usually fixed as a 
proportional part of the pitch, but the least neces- 
sary length may be found experimentally by 
replacing the templet B on the board F, and 
making p coincide with a, roll c toward E till it 
touches B in 6, the corresponding face of the next 
tooth ; mark then the position of the tracing point 
and through this point draw an arc from the 
centre g of the wheel : this arc will mark the ex- 
tremity of the tooth, and the arc g p will be the 
true radius of the wheel. 

This process, which, though complicated in 
description, is very easy in practice, must be 
repeated with two templets cut to the pitch circle 
of the pinion, the same generating circle c being 
employed ; a similar pattern tooth will thus be 
found for the pinion, which will work with that 
already found for the wheel. The usual custom 
ill practice is for the millwright first to describe 
the epicycloidal and hypocycloidal forms of the 
teeth required in the wheel and pinion ; he then 
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constructs two model teeth, one for the wheel and 
the. other foi the pinion, and from these he deter- 
mines the true curves, and by means of his com- 
passes transfers the same to the wheels or patterns 
on which these forms are to be impressed. The 
generating circle, it may be observed, must not 
exceed in size the radius of the pinion, or it 
would give rise to a weak form of tooth, thinner 
at the root than at the pitch circle. 

Second method^ where two generating circles are 
employed, in order that the flanks of the teeth 
may be straight lines radii of the wheel and 
pinion respectively. 

It is the usual practice of millwrights to make 
the parts of the teeth of wheels within the pitch 
circles radii of the wheel. Now, we have seen 
that a hypocycloid described by a generating 
circle equal in diameter to the radius of the 
wheel would be a diameter of the wheel. If, 
therefore, the flank of the tooth of the wheel and 
the face of the tooth of the pinion be described 
by a templet cut to a radius equal to half that of 
the wheel and the flank of the tooth of the pinion 
and face of that of the wheel be described by a 
templet cut to a radius equal to half that of the 
pinion, then these teeth will work together truly, 
and will have radial flanks. 

Since it is unnecessary to describe the flanks of 

such teeth by templets, there will be needed only 

one templet cut to the pitch circle of each wheel, 
12 
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but templets of two generating circles are re- 
quired. In other respects the method is identical 
with that already described. The great defect of 
this method is, that neither the wheel nor pinion 
will work accurately with a wheel or pinion of 
any other diameter than that for which they were 
originally made, and thus a vast number of wheel 
patterns must be made to fulfil the requirements 
of practice ; wliereas wheels described by the 
previous method will work equally well with all 
other wheels the teeth of which have been de- 
scribed by the same generating circle — it being 
understood that only the parts of teeth without the 
pitch circle of the wheel roll on the parts within 
the pitch circle of the pinion, and those without 
the pitch circle of the pinion on those within the 
pitch circle of the wheel. 

Hence Professor Willis has been led to suggest 
that for a given set of wheels a constant generat- 
ing circle should be taken to describe both the 
parts without and within the pitch circles of the 
whole series, instead of making that circle depend 
on the diameters of the wheels. In this case the 
first solution must be employed, and the flanks 
of the teeth will not be straight; but the grejit 
advantage is gained, that any pair of wheels in 
the series will work together equally well. 

To determine the proper size of the generating 
circle, we must remember that a tooth of weak 
form is produced when the generating circle \9 
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greater than half the diameter of the wheel. 
Hence the generating circle may be best made of 
a diameter equa' lo the radius of the smallest 
pinion of the series which are to work together. 

The Rack is the extreme case of a wheel, or 
may be considered as a wheel of infinite radius. 
ft may be described by either of tlie methods 
above, only noting that, if the second method be 
employed, tho generating circle which traces the 
face of the teeth of the wlieel becomes a straight 
line, and the epicycloid becomes an involute. 

If the teeth of a series of wlieels and of a rack 
be described by the sama gen^ratin^ circle, any 
of the wheels will work with equal accuracy into 
the rack. 

Involute Teeth . 

The Involute. — The curve traced by a flexible 
line unwinding from the circumference of a circle, 
is called an involute. 

Let P and w (fig. 98) be the pitch lines of a 
wheel and pinion, and let a and B be their centres. 
From A and B describe two circles d and c, with 
radii a 6 and B i of the wheel and pinion respec- 
tively ; so that 

Ac : Be :: A D : BC 

Let m n and o phe two involute curves described 
by flexible lines unrolling from the circles D and 
c respectively, and touching at b. Then if 6 c, 6 i) 
bo drawn tangents to the circles at the points D 
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and c, they are alwj in one straight line, because 
tliey are both D.frmaU to the curves at b. It may 
dIso be shown lliat the line c D intersects A B in c, 
where llie piti-h lines touch. Hence we have 
'ound two curves such, that the line perpendi- 




cular to their common tangent passes in all post- 

tiona of the wheel and pinion through c, which is 
the suERcient condition of their uniform motion, 
if moved by the sliding of the curves instead of 
by contact at c. Hence, if the wheels be con 
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jtiructed with teeth formed to these involute 
cui'ves, they will work with perfect regularity of 
motion. 

In practice, the chief condition to be observed 
is to diminish the pressure on the axes, which is 
the ghief defect of this form of teeth. The com 
raon tangent should b^ drawn through c, making 
an angle with a b, not deviating more than 20® 
from a right angle. Involute wheels have the 
double advantage that they work equally well if, 
through the wear of the brasses, the wheels have 
receded from one another; and any involute 
wheels of the same pitch and similarly described 
— that is, having the common tangent to the base 
circles passing through the point of contact of 
the pitch lines; or, in other words, base circle? 
proportional to the primitive radii — will work 
together. 

Mr. Hawkins, the translator of Camus, first 
proposed a simple instrument for describing the 
teeth of wheels to an involute curve. It consists 
of a straight piece of watch-spring a b (fig. 99), 
with a screw at one end, and filed away at the 
edges so as to leave two teeth or tracers, c c, pro- 
jecting from the edges of the watch-spring. At 
b a bit of wire is put through, and riveted, so as 
to form a knot by which the spring can be firmly 
held and stretched, as it is unwound from the base 
on which the involute is generated. This watch- 

sprnig^ is screwed to the edge of a templet A, 
' 12* 
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cuiTcd to the radius of the base circle of the in 
volute; and this being placed so that its centre 
coinuides with the centre of the wheel, and re- 
volved to bring one of the tracing points c in 
Buocession to each of the points at which corres- 
ponding faces of the teeth cut the pitch line, a 

ns.M. 




series of involute curves may be described by 
unfolding the watch-spring, whilst keeping it 
firmlj stretched tangentially to the sector to which 
it is fixed. The sector A must then be turned 
over, and the involutes of the opposite faces of 
the teeth struck in a simitar manner. 

Another plan is to employ a straight ruler in- 
stead of the watch-spring, a irncer being fixed in 
its edge. This shows that the involute is an epi- 
cycloid generated by a straight line. The ruler 
must be kept in contact with the base circle, and 
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the tracer brought in succession to all the points 
in which the faces of the teeth cut the pitch line. 

Hence, to describe a wheel with involute teeth, 
the line of centres must be be drawn and divided 
proportionally to the number of teeth in the wheel 
and pinion. Draw the pitch line; divide the 
pitch line into the same number of equal parts as 
thera are teeth in the wheel, and at these points 
mark out the thicknesses of the teeth all round. 
Draw the tangent to the base circles, making an 
angle of about 80° with the line of centres, which 
will give the radius of the base circle drawn 
touching it. A templet must be made to this 
radius, and then the involutes may be drawn by 
either of the preceding methods. 

Allowance must be made to permit free play ol 
the teeth in the spaces, the teeth being somewhal 
shorter than the distance between the bases of the 
involutes. But wheels of this figure require but 
little play in the engagement. 

In the case of racks, the rack-teeth are bounded 
by straight lines perpendicular to the tangent 
drawn from the point where the pitch lines touch, 
"to the base circle from v/hich the involutes of the 
wheel are struck. If the teeth of the rack be 
made rectangular — that is, bounded by lines per- 
pendicular to the pitch line — the involute must be 
struck from a base circle equal to the pitch circle 
of the wheel. In the former case there is a down- 
Ward pressure on the rack ; in the latter, the teeth 
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of the wheel touch those of the rack in a single 
point — namely, the pitch line of the latter. 

Professor Willis^ Method of Striking tfie Teeth of 

Wheels, 

In practice, the custom of describing the teetli 
of wheels as arcs of circles, has, from its simplic 
ity, been generally adopted. The methods already 
given, however simple, when adopted in the form- 
ation of a single tooth, become tedious in their 
application to wheels of large size; and to this 
must be added the imperfect comprehension of 
their advantages by the millwrights charged with 
the task of designing wheel patterns. 

Circular arcs struck at random, according to the 
judgment of the millwright, are often employed; 
and even where better principles have been intro- 
duced, it is common, after describing a single 
tooth accurately, to find by trial a circular arc 
nearly corresponding with its curve, and to em- 
ploy this in marking out the cogs of the required 
wheel. 

Seeing the advantages of the circular arc, and 
believing that it is not objectionable if only the 
employment of it is guided by true principles. 
Professor Willis has rendered this great service 
to practical mechanics — he has shown how, by a 
simple construction, the arcs of circles may be 
found, which, used in the construction of the teeth 
of wheels, will work truly on each other. 
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r<tl A B (lig. lUUJ be the centres ol a wtieei an< 
ritiiiou. una o ttiu }>uiiil uf contact of the pitct 
«"«iefc OH ine liin! of centres. Through C draw 
fO". Kb any aiigiu with A B. Aa-iurne c as the 
o'-auii iijKi wiiiuli to descritie an ai-c for a tooth 
o* the wiitioiA. Draw C D perpendicular to cCc', 
u>« iioui A LQiough c draw a c D, meeting c D in 




D. Lastly, from d tbrongb B draw D B c,'meeling 
cCc' in c'. Then a small arc drawn from c with 
radius c C as a tooth for the wheel A, will work 
correctly with a amiill nrc drawn from c, wii.h a 
ratliud c' c as a tooth for the wheel B.* 

Professor Willis recommends 76° 30' as the 
best magnitude of the angle A c c, so that Cos. 75" 
30' ^ i- If this angle be constant in & set of 
wheels, any two will work truly together. 



* WilliB'n "PriDciplliS ofMHobai: 



,," p. 1 



142 



MACHIXK.RY OF TRA.^S MISSION. 



Fig. lOl. 



Tables showing the place of the Centres 
upon the Scales 

Centres for the Flanks of Teeth 



Number 

of 
Tee h 



13 
14 
15 
]h 
Il- 
ls 
20 
22 
24 
26 
JO 
^0 
60 
^0 
100 
150 
Hack 



12 

15 

20 

30 

40 

60 

80 

100 

150 

Rack 



Pitch in inches 



129 
C'.i 
49 
40 
34 
30 
25 
22 
20 
IS 
17 
15 
13 
]2 
11 

• • 

10 



li 


1) 


1 


2 


2i 


2* 


3 


160 


I9:i 


225 


257 


289 


321 


386 


S7 


KM 


121 


139 


156 


173 


208 


62 


74 


86 


99 


111 


12;^ 


148 


50 


59 


69 


79 


89 


99 


191 


42 


50 


59 


67 


75 


84 


101 


37 


45 


62 


59 


6; 


74 


89 


31 


37 


43 


49 


56 


62 


74 


27 


33 


39 


43 


49 


54 


65 


25 


30 


35 


40 


45 


49 


59 


23 


27 


32 


37 


41 


46 


55 


21 


25 


29 


33 


37 


41 


49 


18 


21 


25 


28 


32 


35 


42 


15 


19 


22 


25 


28 


31 


37 


• • 


17 


20 


23 


26 


29 


35 


14 


• • 


• • 


22 


25 


28 


34 


13 


16 


19 


21 


24 


27 


32 


12 


15 


1^ 


20 


22 


25 


30 



Centres for the Faces of Teeth 



5 


6 


7 


9 


10 


11 


12 


• * 


7 


8 


10 


11 


12 


14 


6 


8 


9 


11 


12 


14 


15 


7 


9 


10 


12 


14 


16 


18 


8 


• • 


11 


13 


15 


17 


19 


• • 


10 


12 


14 


16 


18 


20 


9 

• • 


11 

• • 


13 

• • 


15 

• • 


17 
18 


19 
20 


21 
22 


• • 


• • 


14 


16 


19 


21 


23 


10 


12 


15 


17 


20 


22 


25 



15 
17 
18 
21 
23 
25 
26 

• • 

27 
30 



The figure is of half the linear dimensions of the 



original 
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For the easier description of these teeth, Pro- 
fessor Willis has invented the odontograph, a 
simple instrument of graduated card or wood, by 
which the position of the centres and radii of the 
arcs of the teeth can very easily be found. This 
instrument* is of the form shown in fig. 101, of 
half its proper lineal dimensipns. It has the bot- 
tom edge bevelled oft* at an angle of 75°. The 
point where this would cut the right-hand edge is 
the zero of the scales. These scales are graduated 
to twentieths of an inch, to avoid fractional parts 
in the tables, and depart in each direction from 
the zero, the upper being that employed in find- 
ing the centres of the flanks of the teeth or parts 
within the pitch circle, and the lower for finding 
the centres of the faces of the teeth or parts with- 
out the pitch circle. Tables are given on the 
odontograph for finding the graduation on the 
scale corresponding to any given pitch and num- 
ber of teeth. For intermediate pitches, not given 
in the table, or for wheels of greater size, the cor- 
responding numbers can be found by simple pro- 
portion. For wheels of only twelve teeth the 
flanks are straight, and form parts of radii of the 
pitch circle. 

In fig. 102, let A be the centre of a wheel, Kdh 
the pitch line. Set off K L equal to the pitch, and 



♦Professor Willis's Odontograph may be obtained of 
llessrs. Holtzapfel of London. 
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bisect it in d. Draw radii A K, a L. Place the odon- 
tograph with its bevelled edge on the radius a e. 
and zeroof the scale on the pituh line. Then look 
out in the table of centres for the flanks of teeth, 
the number corresponding to the pitch, and re- 
quired number of teeth, and mark off this point A, 
ri«. iDi 




from the scale of centres for the Ranks of teeth. 
Then remove the odontograph, and similarly place 
it on the radius A L. Find in the table of centres 
for the faces of the teeth the number correspond- 
ing to the pitch and number of teeth itLtbe wheel, 
and mark it off at/, on the scale tor centres of the 
tjicea of teeth. Then describe two arcs from A 
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and / with h d and f d as radii , these will form 
the side of a tooth. Then, from d let the pitch 
line be marked oflF into as many equal spaces as 
there are teeth in the wheel, and these be divided 
proportionally to the widths of the teeth and 
spaces. Through h and/, with radii A h and a/, 
draw circles. Take A d as a radius, and, placing 
one foot of the compass on the divisions of the 
pitch line, and the other in the circle drawn 
through A, describe a series of arcs forming the 
flanks of the teeth. Similarly with radius /ef, 
and one leg of the compass on the circle drawn 
through/, describe the faces of the teeth. * 

For an annular wheel the same. rules apply; 
only that the part of the curve which iis face iii a 
&pur wheel becomes the flank in an annular wheel, 
and vice versd. For a rack, the ■ pitch line is 
straight, and A K, A L are parallel and perpen- 
dicular to it, at a distance equal to the pitch. 

As these odontographs may be purchased in a 
very convenient form, with tables for their use, 
and also with tables of the widths of teeth, and 
spaces and length of teeth within and without the 
pitch circle, it is not necessary to describe them 
in further detail here. 

Oeneral Form ond Proportions of Teeth of Wheels. 

The following have been drawn as a series of 

wheels and racks to illustrate the general form of 

the teeth of wheels. The pitch in figs. 103, 104, 
13 



146 MAOUINERY OF TRANSMISSION. 

105, and 106 is one inch, and that in fig. 107 la 
2^ inches. 

In figs. 103, 104, 105, and 106 the wheel is 191 
inches diameter ; in fig. 107 it is 18 feet diameter. 

Fig. 103 represents the form of the teeth on 
Professor Willis's system, the curves being arcs of 
circles. Fig. 104 gives the form of epicycloidai 
teeth, struck by a single generating circle rolled 
without the pitch circle for the faces, and within 
it for the flanks. This is the best system, as any 
pair of wheels so struck, with the same generating 
circle, and of equal pitch, will work together. Fig 
105 shows the common form of epicycloidai teeth, 
the flanks being straight. In this case the faces of 
the rack are struck by a generating circle half 
the diameter of the wheel, and the faces of the 
wheel, being obtained by a generating circle of 
infinite diameter or straight line, become invo- 
lutes. Fig. 106 gives the form of teeth described 
as involutes, the curve being continuous, and, in 
the case of the rack, a straight line perpendicular 
to the tangent to the base circle. In these teeth 
it is possible to work with very little play. They 
are a good form for wheel and rack working to 
gether, the pressure on the journals being, in this 
case, less objectionable. Fig. 107 shows the teeth 
of a large wheel, traced from one' of my own pat 
terns, to exhibit the form and proportion which 
practice has shown to be desirable. 

In these teeth the pitch c d being 2 J inches, tha 
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Fig, 101. 
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depth of the tooth or distance a 6 is 'g*ths or Jths of 
the pitch. The proportioos of the parts may be 
p'iven as follows: — 

Proportional 

Part. Inohet. 

' Pitch = cd = 100 = 2i 

Depth ' = ab == 0-75 = Ij 

Working depth z= a e = 0*70 = Ij 

Clearance = e b = 005 = i 

Thickness = c / =^ 0*45 = 1^ 

Width of space z= fd = 0*55 = J J 

Flay or fd.cf = = 010 = J 

Length oey end pitch line = ag = 0*35 = | 

Taking these proportions we may construct a 
Bcale which shall give directly the corresponding 
numbers for any pitch. Taking a vertical line, 
and dividing it into eighths of an inch, we get the 
scale of pitches, (fig. 108.) Draw lines perpendic- 
ular to this, and on any one of them mark off* a 
series of distances equal to the clearance, depth, 
thickness, etc., of the teeth corresponding to that 
pitch. Through o and these points draw the lines 
shown in the figure ; they will divide the lines 
corresponding to all other pitches in the same 
proportion. 

It is usual to allow a greater amount of clear- 
ance in small wheels than is necessary in large 
ones. V^ry varying proportions have 15een given 
by different millw rights, ^^qIK ^2^\\, I'sth, and j'oth 
of the pitch having been used in different circum- 
stances, even with the best mill- work. In the 
Hcalc (fig. 108,) this has to a certain extent been 
taken into account; -,'(jth of the pitch is allowed 
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in smaller wheels, decreasing to ^'gth in the 
largest; hence the lines are not absolutely 
straight, but are slightly curved, except that for 
the whole depth of the tooth, which quantity has 
been assumed to vary directly as the pitch. 

Assuming that this scale represents with suffi 
cient accuracy the proportions which practice 
shows to be best in average * cases, we may 
construct a table for the guidance of the mill- 
wright. From this he must vary in cases where 

Tablbs op Proportions op Tkrth of Whepjjs for Aykr 

AOR Practice. 



Pitch. 


Clear- 
ance 
aud 
play. 


Depth 

beyond 

pitch 

line. 


Depth 

wiibiu 

pilch 

line. 


Working 
depth. 

•32 


Whole 
depth. 


Thick- 
ness of 
tooth. 


width 

of 
space, j 


i 


•06 


•16 


•22 


•38 


•22 


•28 


i 


•08 


•25 


•33 


•50 


-.58 


•33 


•42 


I 


•10 


•335 


•435 


•67 


•77 


•45 


•55 


li 


•i2 


•42 


.54 


•84 


•96 


•56 


•09 


n 


•13 


•51 


•64 


102 


1-15 


•68 


•82 


M 


•14 


•60 


•74 


1-20 


1 34 


•80 


•95 


2 


•16 


•685 


•845 


1-37 


1 -53 


92 


1-08 


2i 


•17 


•775 


•945 


I -.55 


172 


1 04 


1-21 


2* 


•19 


•86 


105 


1-72 


I 91 


1-15 


135 


n 


•20 


•95 


1-15 


1-90 


2 10 


1^27 


1-47 


3 


•22 


104 


1-26 


2-08 


2-30 


1-39 


b6l 


H 


•23 


M3 


J -36 


2^26 


2-49 


1-51 


1^74 


H 


•25 


1-215 


1-465 


2-43 


2-68 


1-62 


1-88 


3| 


•26 


1-305 


1-565 


2-61 


2-87 


1-74 


201 


4 


•28 


139 


1-67 


2-78 


306 


1^86 


2^14 


H 


•31 


1 -565 


1-875 


313 


3-44 


2-09 


240 


5 


•34 


1-745 


2 085 


3-49 


3 83 


2-33 


267 


•H 


•37 


1925 


2-295 


3-85 


4-21 


2 56 


2-93 


C 


4« 


2-10 


2-50 


4-20 


4-60 


280 


3-20 



..* 



ox THE TEETH OF WHEELS. 



166 



it appears necessary to allow more for defects of 
workmanship, or to permit less " backlash ;"* it 
being understood that the table will only apply in 
cases where the teeth are formed with an approxi- 
mation to the true mathematical figure. 

In wood and iron gear where the teeth are care- 
fully cut, very little if any clearance is necessary, 
as they work much better when the tooth of each 
wheel fills their allotted spaces. It is, however, 
different where wheels have to gear together di- 
rect from the foundry, where the teeth are not 
unfrequently deranged in the act of moulding in 
the sand. 

This table gives the number to the nearest hun- 
dredth of an inch. It may be converted into the 
ordinary scale of eights by the following table : — 





Thirty Seconds of an Inch. 


1 


1 
•031 


2 
•062 


3 


4 


5 


6 


7 


8 
•250 


1 
•2r J 


10 

•3125 


Corresponding 
Decimal. 


0-94 


•125 


•156 


•188 


•219 



As, unfortunately, decimal scales are not yet 
much used by millwrights, the following table has 
been prepared, giving the numbers in the preced- 
ing table in thirty seconds of an inch, such changes 



* A teohnical expression for reaction on the bad of the 
teeth. 
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being made as will reduce as much as possible the 
errors of employing this rough standard. The 
former table is to be preferred where it can be 
used, but in other cases the following one may be 
relied on. The left-hand figures in each column 
are inches, the right-hand ones thirty seconds of 
an inch, the denominators of the fraction being 
omitted. 



Tabt.k Giving thk Proportions op Tkkth ok Whrri^ 
IN Inchrs and Thirty Srconds of an Inch. 



Pitch, 




Depth 


D«pCh 


Working 


Whole 


Thick ocss 


incbes. 


Cienraiice. 


beyond the 


witbir the 


depch. 


depth. 


uf tooth. 






pitch line. 


pitch Utt«. 












i 


0"2 


0"6 


0"7 


0" 


10 


0" 


12 


0"7 


i 


3 


8 


Oil 





16 





19 


10 


1 


3 


Oil 


14 





22 





25 


14 


u 


4 


13 


17 





26 





30 


18 




4 


16 


20 


^ 







4 


21 


It 


4 


19 


23 


1 


6 




10 


25 


2 


5 


22 


27 




12 




17 


29 


2* 


5 


25 


30 


_ 


18 




23 


1 1 


^ 


5 


28 


33 




24 




29 


1 5 


n 


6 


31 


37 




30 




4 


1 8 


3 


7 


1 1 


1 8 


2 


2 




9 


1 12 


H 


7 


1 4 


111 


2 


8 




15 


116 


^ 


8 


1 7 


1 15 


2 


14 




22 


1 20 


3f 


8 


1 10 


1 18 


2 


20 


2 


28 


123 


4 


9 


1 12 


121 


2 


24 


3 


1 


127 


4i 


10 


1 18 


1 28 


3 


4 


3 


14 


2 3 


5 


11 


124 


1 35 


3 


16 


3 


27 


2 10 


H 


Oil 


1 30 


141 


3 


28 


4 


r 
1 


2 18 


6 


12 


2 4 


2 16 


4 


8 


4 


20 


2 25 
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Bevel Wheels, 
Hitherto vre have considered only that case of 
touched wheels in whieh the pitch lines are in one 
plane. We have now tu examine the modifica- 
tions which are necessary when the axes of the 
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wheel and pinion are inclined. It was shown in 
the preliminary chapter* that in this case motioii 
might be transmitted by the rolling contact of the 
frustra of two cones. If, therefore, teeth be ap- 
plied to these frustra, in the same manner as in 
hpur gearing, they areatfciched to cylindrical sur- 
faces, bevel gearing will be formed. acting on t,he 
rame principles of sliding contact which we have 
already discussed. ; 

Let A B c, A c D (fig. 109) be two cones rolling 
in contact ; take any other cone A E c also rolliiig 
in contact with A B c, in the line a c. As these 
3ones roll together, the generating cone A E c w;ill 
describe an epicycloidal surface p qrs on the oijit- 
side of the cone A c D, and a hypocycloidal sdr- 
face p t V s on the inside of the cone A c D. 
These surfaces will touch in the Vmep s, and will 
have a plane normal to their common tangent 
passing through A o. If, therefore, these surfades 
be attached respectively to the cones a b c, A c J>, 
and the motion of one cone be communicated to 
the other through the sliding contact of these sur- 
faces, the motion will be uniform, as if the cones 
were driven by rolling contact at a c. ) 

The curves p t, p q, lie in reality on the surface 
of a sphere of a radius equal to A c ; but in prac- 
tice, in bevel wheels, a small frustrum of a conje, 
tangential to the sphere at the circumference of 



♦ See p. 66, § 88, 89. ' 
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the pitch line, is substituted for' the spherical seg- 
ment. Thus draw F c G (fig. 109) perpendicular 
to A c, cutting the axes of the cones in F and o. 
Let these lines revolve over the pitch lines of the 
cones and describe the narrow frustra. Then the 
epicycloidal surfaces may, without sensible error, 
be s\ipposed to lie in these frustra, and to be gen- 
erated there by the revolution of a generating 
circle c K. 

Imagine the surface of these frustra to be un- 
wrapped so as to lie in one plane, they will form 
parts of circular annuli. Thus let A B c, A c D 
(fig. 110), be two conical frustra; draw F c G as 
before, perpendicular to the line of contact A c. 
From G, with radii G h, g c, and G K, describe the 
circles K L, c M, H N; and from F, with radii F K, 
F c, F H, describe similar circles K P, c Q, H R • 
then the surfaces K P B H and K L N H will be de- 
velopements of the frustra c D. c B. Let these be 
treated as spur wheels, and c Q, c M being treated 
as the pitch lines, let teeth be described by a de- 
scribing circle in the method already explained 
for epicycloidal or other teeth. If, then, the plane 
on which these have been described, and which 
we suppose of drawing paper or other flexible 
material, be cut along the arcs K P, H r, K L, H N, 
the circular annuli may be wrapped round tbe 
frustra c B, c D, and the forms of the teeth traced 
oft* upon them. 

The axes of bevel wheels are in practice, lu 
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Fig. 110. 




the great generality of cases, at right angles 
Fig. 110 shows such a pair of bevels, with the 
fr'istra of the extremity of the teeth developed in 
tlie manner described. 



Skew Bevels, 

When two axes or shafts, which have to be 
coDnccted by bevel wheels, do not meet in direc- 
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lion, it is usual, as stated in the ppelimiaary cha|)- 
ter,* to introdace an ititermediate bevel wimol 




with two frustra. But the same object can more 
easily be accomplished by adopting skew bevels. 

Let Bp 5 (fig. Ill) be the place of one of the 
two fruritm, a its centre, and a e tlie shortest dis- 
lanue between the axis of b p q, and the axis of 
the wheel to be connected with it Divide a e in 
c, so that ae: ec:: mean radius of A B c : mean 
rudiua of frustrum working with A B c. Dmw 
cp q perpendicular to a e, then c p or c q is tl e 
line of action of the teeth, according to the di- 
rection in which the teeth are laid out in tlia 
pillion. 

Figure 112 shows tw.> wheels laid out in this 

manner ; a e, as before, is the eccentricify or 

ahorte.'^t distance between the two s'liifts, and is 

* See pagtt 68. 5 70, 71. 
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tliviJed in c proporfionally to the mean radii of 
the wheels; with centre a and radius a c di-aoribe 
a circle, and draw e d perpendicular to a e. Take 
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df ^ c e, then rf will be the centre of the other 
wheel. From centre d, with radius/ d, describe a 
circle. Then the directions of all tlie teeth in 
ABC will be tangents to the circle described 
nbout a, and the directions of all the teeth in 
1> K F will be t-angents to the circle descriheil 
ii\n>nt /. Fig. ,ll3,vjiliows two .such wlteuU in 
gear, the eccentricity perrnittiaj the sliufts to [yuan 
each other. 




The Worm and W!,ed. 

My this oontri v.ince the motion of a screw is 
'toiiimunicaled with great smoothness to ubliqiie 
teeth on a spnr wheel. 

The section of a screw through its axis is pre- 
cisely similar to that of a double rack. Let A a 
be such a section, and for simplicity snppose that 
the form of the threads uf th^ screw h;is be^iji de- 



( 
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termined by one of tlie rules already given for 
racks. Then the teeth of the wheel c d e may 
evidently be formed bo as to work with the cen- 




tre section of the screw. Now tlie effect of the 
revolution of the screw is precisely similnr to 
that of tie racks, iiml the seetioiis of the threads 
of tljB screw will appear to travel from end Ut 
end, in the same way asf a rack pushed forwar<l 
in the same direction. If, therefore, it is sull'i- 
fiient that tlie wheel teeth be in contact with the 
sorew at one point only, the teeth of the wlicel 
may be made oblique, but straight, the obliqnity 
being equal to the pituh of the screw. This is 
the usual practice of millwrights. If, however, 
the teeth are required to be in contact with tlie 
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entire breadth of the tooth, the outline of the 
tooth must vary in every section of the wheel, 
and the process of describing these teeth becomes 
very complex. Practically, the difficulty has 
been overcome by first making a pattern screw oi 
steel, notched in the threads to convert it into a 
cutting instrument. The wheel is then roughly 
cut out, and being fixed in a frame, the screw is 
used to cut out the spaces between the teeth to 
their true form. 

Strength of the Teeth of Wheels, 

The pressure on the teeth varies directly as the 
horse-power transmitted and inversely as the 
velocity of revolution. Thus if one wheel transmit 
5 horse-power and another 10 horse-power at the 
ScT me velocity, the strain on the latter will be 
twice that on the former. Or, again, if two 
wheels transmit the same power, but one at a 
velocity of 100 feet per minute, and the other at 
only 25 feet per minute, the strain on the former 
will be only one-fourth that on the latter. 

Let V be the velocity in feet per second, H the 
number of horse-power transmitted, then th* 
total pressure on the wheels will be — 

550 H 
P= 

V 

where P is the statical pressure in lbs. 

For example, suppose the fly-wheel of an en 
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gine U) lie 21 feet in diameter, ami to work into a 
pinion 5 feet iliaineter. An<l let the work traiH- 
mitted be 150 horse-power. Then, if the wheel 
makes 25 rev jlutiona per minute, the peripliery 

will move at a velouity of tttt ^ 31'4 feet 

per Becoml; ami the statical pressure on the teeth 

550 X loU 
will be g- .^^ — = 2627 lbs. - 

Tn adilitiun to statieal pressure, however, a dif- 
ferent element has to bj taken into account, oame- 
It, the inipauts due to sudden accelerations or re- 
tardations of sped. The allowance which must 
be made to prevent accident from this cause 
vaiies exceedingly in different kinds of ma- 
chinery. It is great in the gearing of rolling 
mills for instance, and in all machinery in which 
„he strains are irregular. 

Ill calculating the strength of the tooth, it Iia« 
been usual to consider i*t 
as a short beam fixed !it '''i'*' 

one end, and having the 
whole of the pressure ap- 
plied aWng the extremity 
f'f the ti-'oth. But there is 
a position in which the 
t'.^eth may be Buhjected to 
a severer stress still ; ow- 
ing to tlie wear of brasses 
nu'l \>:qi\\, we cannot calculate upon the strain 
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bearing always on the whole breadth of the tooth. 
The pressure may not only come on to the extre- 
mity of a tooth, but if any obstruction come in 
between the teeth, it may be thrown entirely upon 
one corner of the tooth. In such a case it may 
be shown, by the rules of maxima and minima, 
that if E c = B, the greatest stress will be near 
the line E B. 

Tredgold has expressed the strength of a tootb 
on this supposition by the formula 

where d is the thickness of the tooth. To allo«y 
for wear, however, he adds one-third, so that 

6 ~ 11.25 
In cast-iron /= 15,300, and hence 



= s/^. 



1500 

Or in words, the thickness necessary for the tootb 
in inches is equal to the square root of the stress 
on the tooth in pounds divided by 1500. Hence 
Tredgold has computed the following table, the 
breadths of the teeth being deduced, on the prin- 
ciple that the stress should not exceed 400 VofA. 
per inch breadth: — 
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Tablk op Thicknrsa, Brbadtb, and Pitch of Tbrth or 

Whbri^. 



Streni In IIm. at 


Tbfekn«Mii of teeth 


Breadth of teeth 


Pitch In inehee. 


th« pilch Hoe. 


in iuehes. 


lu Inehek 




400 


0-52 


I 


11 


800 


0-73 


2 


1-5 


1,200 


000 


3 


1-9 


1,600 


1-03 


4 


2-2 


2.000 


115 


5 


2-4 


2.400 


1-26 


G 


2-7 


2,800 


1-36 


7 


2-9 


3,200 


1-46 


8 


30 


3.600 


1-56 


9 


3-3 


4.000 


164 


10 


3-4 


4,400 


1-70 


11 


3-6 


4,800 


1-78 


12 


3-7 


6.200 


1-86 


13 


3-9 


5.600 


1-93 


14 


40 


6,000 


2 00 


15 


4-2 

1 
1 



To use this table whea the horses' power trans- 
mitted by the wheel are known, the reader must 
refer to the table on page 172. 

Elsewhere Tredgold has given a rule of the fol- 
lowing description : — 

cf = f _ for cast-iron, 

where d is the requisite thickness of a tooth to 
transmit a force of h horses at a velocity v feet 
per second. 

Hence Tredgold's last rule for the thickness of 
cast-iron teeth is as follows — *' Find the number 
of horses' power transmitted by the wheel, and 
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divide that number by the velocity in feet per 
second of the pitch line of the pinion or wheel ; 
extract the square root of the quotient, and three 
fourths of this root will be the least thickness of 
cast-iron teeth for the wheel or pinion." From 
this he derives a second rule for the pitch, which 
manifestly depends on the thickness of the tooth, 
namely, multiply the thickness of the tooth by 2*1 
and the product will be the pitch. The same re- 
sult may be obtained from inspection of the tables 
I have given at pages 154, 156. Wooden teeth 
he recommends to be made of twice the thickness 
of cast-iron ones. But one-and-a-half times the 
thickness is a sufficient allowance. 

A writer in the *' Engineer and Machinists' As- 
sistant " deduces another but equally simple rule 
for the thickness of teeth ; he assumes the rela- 
tion 

< = c\/w; 

where t is the thickness of the tooth, w the pres- 
sure on the tooth and c a constant, depending ou 
the nature of the material. Let then a be the 
strength of a bar 1 inch long. 1 broad, and 1 thick. 
Then, to support a weight w by a bar of a length 
2, and breadth b, 

a X 6 

suppose the breadth of the tooth to be fixed HI 

twice its length ; 
15 
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Taking a = 8000 lbs. for cast-iron, 2 a = 16,000 
lbs., but as this is the breaking weight, the safe 
working-pressure will be only 1600 lbs., and the 
thickness of the tooth for safe working will be for 
cast-iron : 



^=J ^ =0025 Jw. 

N 1 AHA N 



1600 

Where w being given in lbs. t is found in inches. 
Similarly for other materials he obtains : 

c = '035 for brass, 
= '088 for hard wood. 

For example, in the wheel assumed at p. 166, 
W was found to be 2627 lbs. Hence the necessary 
thickness of the tooth, if of cast-iron, would be 
•025 \/2627 = 1-28 inches. Referring to the tables 
of the relation of pitch, etc., we find that the wheel 
must be of 2| inches pitch, the teeth of 2*1 inches 
length, and the breadth of the wheel 2*1 x 2 = 4*2 
inches at the least. By Tredgold's latter rule, the 
thickness of the teeth for the same wheel would 

hGi = i J — = 141 inches : the pitch 
^ 31-4 

^=2*1 X 1*41 = 3'0 inches, and the breadth 
2627 



400 



= 6J inches. 
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550 H 

Bearino: in mind that w = , where H is the 

maximum horse-power transmitted, and v the velo- 
city of the pitch line of the wheel in feet per se- 
cond, we may give thase formulas in a more 
convenient form : 



^1 41 



t 

Where x = 0587 for cast-iron, 
" = 0-821 for brass, 
" = 0-891 for wood. 

Conversely, if a wheel having teeth t inclfes 

thick be given, the horse power it is capable of 

transmitting is given by the formula : 

Where a? = 0344 for cast-iron, 
" = 0-674 for brass, 
" = 0-795 for wood. 

From the following table the pressure at other 
velocities, and with another amount of horse- power, 
may be obtained by interpolation, remembering 
that the pressure varies inversely as the former, 
and directly as the latter. To this we have ap- 
pended another table, giving the horses' power, 
which can be safely transmitted by wheels of dif- 
ferent pitches v/hen proportioned according to the 
table at page 154. The last of ihese tables has 
been calculated on the assumption that 400 lbs. 
per inch is the greatest working stress which m 
consistent with durability in ordinary cases 
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CHAPTER III. 

ON THB STRENGTH AND PROPORTIONS OF SHAFTi. 

The system of transmitting power from a com 
mon centre to a large number of machines, at 
some distance, is comparatively modern. In the 
operations of spinning and weaving by a consecu- 
tive series of machines, placed in rows, shafting 
became essential for distributing the power of the 
common prime mover. At first, the machines 
were brought as close to the prime mover as pos- 
sible ; and the early construction of mills — wher 
the water-power was divided into separate falls — 
must be fresh in the recollection of many persons 
now living. In some cases, before the introduc- 
tion of the steam engine, it was tho custom to 
have a separate water-wheel to every machine, 
thus splitting up the power into as many parts as 
there were machines, or pairs of machines, to 
drive. In process of time, it was found more con- 
venient, on the score of economy, to husband the 
water and concentrate the prime movers; hence 
one large water-wheel was constructed, around 
which the machinery was arranged, either in rows 
or otherwise as best suited the work to be per 
formed. 

This principle, of the concentration of the mo 
tive power, destroyed the old system of separata 
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buildings, and led to the employment of a large 
number of machines for the various processes of 
manufacture in one building. From this we de- 
rive the Factory system, in which any number of 
processes are carried on, the machinery being dis 
tributed oyer the different floors of a large build 
ing, and receiving motion from a single prim^ 
mover at a convenient distance. In this way, the 
power is conveyed by lines of shafting coupled 
together in lengths, adapted to the bays or divis- 
ions of the building. At first, the buildings were 
short, and shafting of great length was not re- 
quired ; gradually, more and more machines were 
concentrated in the same building, and shafting of 
200 or 800 feet in length became necessary. To 
show to what an extent this system has been car- 
ried, it may be mentioned that, in the large mills at 
Saltaire, the shafting, if placed in a single line, 
would extend for a distance of more than two 
miles. This progress has been chiefly due to the 
introduction of the steam engine, in place of water- 
wheels, because the available power is no longei 
limited by the circumstances of the locality in 
whiijh the mill is placed. 

This concentration of a great number of ma- 
chines in one building is peculiar to the Factory 
system ; and in the present highly-improved state 
of mechanical science and its application to the 
production of textile fabrics, it has become essen- 
tial to economy in the manufacturing processes, 
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that they should be carried on in the same build- 
ing. Spinners and manufacturers are fully aware 
of the advantages peculiar to this system of con- 
centration, so much so, that out of what would 
formerly have been considered a mere fractional 
saving, large profits and large fortunes are now 
made. In fact, the amalgamation of the different 
processes under one management and under one 
roof, gave rise to the shed system, where the 
operations of the manufacture of cotton are carried 
on under what is called the "sawtooM^ roof, in 
order to bring the whole on the ground-floor 
under one inspection. 

1. The Material of which Shafting is constructed. 

The selection of the material for shafting is of 
great importance, and the uses to which it is to be 
applied require careful consideration. Formerlj 
wood, with iron hoops and gudgeons, was univer 
sally employed ; then cast-iron was introduced 
and subsequently wrought-iron has in most cases 
superseded both. Wood, indeed, has become 
obsolete ; but cast-iron is as good as, if not superior 
to, wrought-iron, in certain cases. The main and 
vertical shafts of a mill are generally of cast-iron, 
both on account of its cheapness, and its high re- 
sistance to torsion. The vertical shafts, which 
convey the power from the first motion wheels to 
the different rooms of the mill, are more rigid 
and less subject to vibration when of cast-iron; 
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even the main horizontal shafting, when of large 
dimensions, is, if substantially fixed, quite as good, 
when of the same material, and much cheaper 
than wrought-iron. Where the shaft is exposed 
to impact, or any irregularity of force, wrought- 
iron has the superiority ; but in other cases, when 
the castings are sound and good, cast-iron may be 
employed with perfect safety. 

The dimensions required for a shaft, transmit- 
ting any given force, will depend on the resistance 
of the material of which it is composed. Conse- 
quently, the selection of material must be deter- 
mined by the necessity for strength. Shafts may 
be considered as subject to two forces: a force 
producing simple flexure, arising from their own 
weighty the weight of the wheels and pulleys, and 
tl>e strain of the belts; and a twisting force or 
torsion, arising from the power transmitted. If 
the flexure be great, the brasses will be much 
worn, vibration becomes considerable, and the 
disintegration of the machinery goes on in an 
accelerating ratio ; it is therefore necessary to pro 
portion shafting to the simple weight and direct 
transverse strain it has to sustain, so as to reduce 
the flexure within exceedingly narrow limits. 
In addition to this, the shafting, having to trans- 
mit a torsive force, must at least be capable of 
transmitting it without danger of rupture. In 
long and light shafting the tendency to flexure is 
usually greater than that to rupture by torsion 
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the former consideration will therefore determine 
the size of the shaft. In short axles, etc., the dan- 
ger from flexure almost disappears, and the 
strength of the shaft is determined by its resist 
ance to torsion only. In all cases both conditions 
must be complied with, if security and permanence 
are to be obtained. 

2. Transt^erse Strain. 

Resistance to rupture. The general formula for 
resistance to rupture, in the case of a bar or beam 
supported at each end and loaded in the centre, is 

adc 
w=-y-...(l), 

fl 

where w is the load in the centre, a the area of a 
section of the bar, perpendicular to the length ; d 
the depth of the bar, and I its length. In this 
case c is derived from experiment, and is constant 
for similar bars or beams. 

For rectangular bars this formula becomes, 

W=-y- ...(2). 

where b is the breadth and d the depth. 

The value of c, for rectangular bars found by 
Mr. Barlow, for various materials, is given in the 
following table. In applying these numbers to 
calculations, it must be remembered that a and d 
are to be taken in inches, and I in feet ; then w 
the centre breaking-weight, is found in lbs. 



\l 
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W hen the beam is supported at one end and 

loaded at the other, the formula is 

_cbd' 
W — -^ ...(3). 

Value o/c/or different Mdieriala. 

Ita. 

English Malleable Iron 2050 

Cast Iron 2548 

Oak 400 

Canadian Oak 588 

Ash 675 

Pitch Pine 544 

Red Pine 447 

Riga Fir 376 

Mar Forest Fir 415 

Larch 280 

In my own experiments* I found the value of 
c for cast-iron to range from 1606 to 2615, the 
mean value being about 2050, as given above for 
malleable iron. Wrought-iron ranges from the 
value given above to 3000 lbs. 

For cylindrical shafts supported horizontally 

the ultimate resistance to rupture is about 

1500c?, , . 

W = 2 ^^^ wrought-iron, 

1200 rf* ^. 

= J tor cast-iron, 

where W is the centre-breaking weight in lbs., d 

* On the Application of Cast and Wrought-iron to BuUding 
Purposes^ p. 74, et seq. 
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the diameter, and I the length between supports 
in inches, the shaft being supported at the ends 
and loaded in the middle. 

If the cylindrical shaft be loaded at one end 
and supported at the other, these formuIsB become 

375 d* 
W = J for wrought-iron, 

300 c? ^ 
= J for cjist-iron. 

If a beam be uniformly loaded over its entire 
length it will sustain twice the load that would 
break it if placed at the centre. 

If the load be placed at any point intermediate 
between the centre and the ends, the breaking 
weight may be found by the following rule: — 
Divide four times the product of the distance in 
feet, of the weight from each bearing, by the 
whole distance in feet, and the quotient may bo 
substituted for I in the formulae above. That is, 
if X and y be its distances in feet from the two 
bearings respectively ; 

From these rules the strength of shafts may be 

calculated, in all the cases of ordinary practice, 

where the tendency to transverse fracture has to 

be guarded against, making the actual strength at 

least five to ten times the strain to be carried. 

In shafting, however, it is not usually the trans- 
16 
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verse rupture, but the flexure produced by lateral 
stress, which limits the size of the shaft ; — stiflfness 
in fact becomes, in these cases, a more important 
element than strength. 

The following formula has been given for the 
deflection of bars or beams loaded at the centre 
and supported at the ends : — 

Let, d be the depth in inches ; 

b the breadth in inches ; 

L the length between supports in feet ; 

W the load in lbs. ; 

« the deflection at the centre in inches; 

M the modulus of elasticity ; 

Mftd*« 
then : — w = ^oq t • » ^^^ if 6 = d, — 

482 L*w , |4.S9t»w 
d^^---—OTd=f^^^^JL (4> 

Md ^ ^^ 

Or, in words, multiply the product of the load 
in lbs., and the cube of the length in feet, by 482, 
and divide by the product of the modulus of elas- 
ticity and the deflection assumed in inches ; the 
fourth root of the quotient will be the side of a 
shaft or square section which would deflect B 
inches with a weight of w lbs. placed at its 
centre.* 

* Engineer and Machinisfa AssiUant, p. 13.5, from which 
formnlse (4), (5), (6), to (11), and (23), in their present 
convenient form for practical use, have heen qnoted. . The 
fundamental formula, however, is due to Young (Nai, 
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The following table gives the values of the 
modulus of elasticity for various materials : — 

If odolu of elutleity In Urn. 

Cast-iron 13,000,000 to 22,907,000 

" " mean 17,000,000 

Malleable iron. . .24,000,000 to 29,000,000 

Steel 29,000,000 to 42,000,000 

Brass 8,930,000 

Tin 4,608,000 

Afih 1,600,000 

Beech 1,353,600 

Red pine, mean 1,700,000 

Spruce, mean 1,600,000 

Larch 900,000 to 1,360,000 

Enprlish oak. ..... ..1,200,000 to 1,750,000 

American oak 2,150,000 

For a cylindrical shaft, the same formula will 
apply with another constant. I am not aware 
that this has been experimentally ascertained, but 
it is given by theory at 733. 4. Hence, for cylin- 
drical shafts, 

*='iii:=:„ri=.J!Mpw , 

In the work just quoted, these formulae have 
been simplified, by fixing a maximum value for 6, 
the deflection. The writer assumes that, with 
shafting, the deflection ought never to exceed fl^^ 
of an inch for every foot length of the shaft. 
Substituting this value, and also the numerical 

Philos.f vol. ii., art. 326), aud to Tredgold (Strength of Caat- 
Iron, p. 208). 
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▼alue of the modulus of elasticity, be obtains the 
following formul» : — 

1. Fi/r ttwd;— taking M generally = 1,500,000, 

and « = -j^ inches. 

Then, for square shafts, d being the depth of 
the side of the square — 

"35" ••• '^^^• 



And for round shafts, 
inches — 



^ = ^7nr "'i'O' 



20 

2. F<n' cast-ir(m— taking M = 18.000,000 lbs. 
and L as before — 

For square section, d* = "TTo" "• \^^ 

For round section, cP = g^q * * * (^)- 

8. Far iwought-iran — taking ic = 24>500,000 
lbs. and « as before — 

L'w 
567 



For square section, d* = -v^^- — (10). ! 



Ij* w 

For round section, cP = "oqT" — (H)* 

By transposition, the formulaB given above 
become, — 
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For wood — 

Square section, L = J ^^^* ... (12). 



W = 



W 

35 rf* 
I? 



Eound section, l = J ^^^ ... (13). 



For cast-iron — 



20d* , , 
w= — ^ ...(14). 



Square section, l = J 11^' ... (15> 

w 

412 d* 
w= -^j- ...(16). 

Eound section, l=J?^2^\..(17). 

240 rf* „ ^, 
w= -^^...(18). 

For wrought iron — 

Square section, l = J^^I^' ...(19). 

w= ^\..(20). 

Round section, L = J??M\..(21). 

SZid* 
w= -^...(22). 

16* 
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When the weight is uniformly distributed ovei 
the length of the shaflb, the general formula is 

Substituting in this equation the same values 
of M and 5 as before, we obtain the following for- 
mulsd: — 

Ibr ivood — (V = -^«- for square shafts. 

c? = -^sTT for round shafts. 
oZ 

L* W 

For cast-iron — d* = ^^ for square shafts. 

d* =^ o^ for round shafts. 

L* w 
For turought'iron cP = gTyi- for square shafla. 

cP = ^777 for round shafts. 
o21 

The following tables for cast and wrought-iron 
round shafting, are calculated from the formula) 
(9) and (11) for weights placed at the centre of a 
shaft supported at each end. In using them for 
cases in which the weight is distributed along its 
length, as in the case of the weight of the shaft 
itself, it must be remembered that a distributed 
weight produces fths of the deflection of the same 
weight placed at the centre. 
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From the foregoing it will be seen, that the 
weights given in the tables are correct indications 
of the load required in the centre to produce a 
deflection of the yV^^ of the length of the shaft * 
This fraction is not however the universal stand 
ard among millwrights; on the contrary, there 
appears to be no recognized standard in practice, 
by which the deflection from a given weight can 
be ascertained, and although yj'^iy i^aj; iii niany 
cases, give a larger area with increased weight, in 
shafts that are not heavily loaded in the middle, 
nevertheless it is important that the shafts, when 
loaded as above, should not bend more than j^Vtf 
of their length. In cases where the load is light 
and equally distributed, lighter and smaller shafts 
would suffice. 

The following tables give the deflection of 
cylindrical shafts with their own weight : — 

Table 3. — Deflection arising from tub Weight of the 
Shaft. Cast-iron Cylindrical Shafts. 



Length between 

bearings in 

feet. 


Diameter of Shaft in Inches. 


1 

ins. 
•004 
•067 
•338 
1067 
2-603 


2 
ins. 

•001 
•017 
•085 
•267 
•651 


4 

ins. 

•000 

•004 

•021 

•067 

•163 


6 

ins. 

•000 

•002 

•009 

•029 

•073 


8 

ins. 
•000 
•001 
•005 
•017 
•041 


10 

ins. 

•000 
•001 
•003 
•Oil 
•026 


12 
ins. 

•000 
•001 
•002 
•007 
•018 


u 

ins. 

•000 
•000 
•002 
•005 
•013 


16 

ins. 

•000 

•000 

•001 

•004 

•010 


ins. 
5 

10 
15 
20 
25 



* This standard is the one assumed hy Tredgold (Strength 
of Cast-Iron, p. 210). 
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Table 4. — Drflrction arising from thb Weight of the 
Shaft. Wrought-iron Cylindrical Shafts. 



Length between 

bearings iu 

feel. 


Diameter of Shaft in Inehee. 


1 


8 

ins. 

•001 
•013 
•064 
•202 
•493 


4 
Ins. 

•000 
•003 
•016 
•051 
•123 


ins. 

•000 
•001 
•007 
•022 
•055 


8 

Ins. 
•000 
•001 
•004 
•013 
•031 


10 
ins. 

•000 
•001 
•003 
•008 
•020 


12 

ins. 
•000 

•000 
•002 
•005 
•013 


14 

ina. 

•000 

•000 

•001 

•004 

•010 


16 

Ins. 

•000 
•000 
•001 
•003 
•008 


ina. 

5 

10 
15 
20 
25 


ina. 
•003 
•050 
•256 
•808 
1972 



The above tables clearly indicate the deflection 
of shafts of difterent lengths by their own weight, 
and will be a guide to the millwright in calculat- 
ing the distance of the bearings between which 
they revolve. It is important in shafting, when 
extended in long ranges, that there should not be 
any serious deflection, either from the weight of 
the shaft, or lateral stress ; I have always found 
that a stiff' shaft, although heavier in itself, is 
lighter to retain in motion than a smaller one 
which bends to the strain. 



3. Torsion. 

In addition to the lateral flexure from trans- 
verse forces, shafting is subjected to a wrenching 
or twisting, from the power transmitted acting 
tangentially to its circumference. This causes 
one end of the shaft to revolve in relation to the 
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Other end, through a smaller or greater angle 
known as the angle of torsion, and if sufficient 
force be applied, this angle increases till the 
resistance of the material is overcome, and the 
shaft gives way. 

Coulomb laid the basis of our knowledge of the 
resistance to torsion of cylindrical bodies, and he 
verified his theoretical deductions by admirably- 
contrived experiments, on a small scale. He 
showed that in wires where the diameter is small 
in relation to the length, the angles of torsion 
are in proportion to the length, and reciprocally 
proportional to the moment of inertia of the base 
of the cylinder in relation to its centre. He also 
discovered that each wire acquired a permanently 
acceleration -varying torsion, according to the de- 
gree in which it departed from its primitive posi- 
tion, and that these permanent torsions have no 
fixed relation to the temporary torsions, coexist- 
ing with the application of the moving force. 
With the same wire he found the torsion to be in 
proportion to the force applied; with the same 
length and force inversely as the fourth power ol 
ihe dia:neter. 

These deductions are expressed by the follow- 
ing formula :— 

2r wZ 

TiOr r* 
where o is the angle of torsion, r the radius, and I 
the length of the wire, R the leverage at whicb 
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the weight w acts, and a the modulus of torsion 
for the material ; being about f ths of the modulus 
of elasticity. 

In 1829 a paper was communicated to the 
Boyal Society by Mr. Bevan, containing experi- 
mental determinations of the modulus of torsion 
for a large number of substances, of which the 
most important are given below. 

Let 6 be the deflection of a prismatic shaft of a 
given length I when strained by a given force w 
in lbs., acting at right angles to the axes of the 
prism and at a leverage r ; let c? be the side of the 
square section of the shaft, I, r, 5, d being in inchs. 

^ = ^T 

where T is the modulus of elasticity in the follow- 
ing table. 

If the transverse section of the prism be a 
parallelogram, let b be the breadth and d the 
'depth, then Mr. Bevan gives the formula — 

_ {d + 1)17^10 

^~ 2bd'T 

If the torsion be required in degrees (a), then let 
= 67-29578, 

rplw 
A = —-Z — , for square shafts. 

For example, 

^ = oi/%n.% n for wrought-iron and steel, 
oiUOU a 
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A very careful experimental study of the effect 
of torsion on various materials has been made by 
Mr. M. G. Wertheirn, and was presented to tho 
Academic des Sciences in 1855. The general re- 
sults at which he has arrived may be stated as 
follows : — 

1. The total angle of torsion consists of two 
parts, of which one is purely temporary, whilst 
the other persists after the force has ceased to act. 
It is not possible to assign the limit at which the 
permanent torsion begins to be sensible, nor has 
it any fixed relation to the temporary torsion ; it 
augments at first very slowly, afterward more 
rapidly, till the bar breaks * 

* We have many practical instances of this tendency to 
rnpture which at first appear only temporary, but a con- 
tinuation of the same action, particularly in long ranges 
of shafts, in process of time, developes itself in the form of 
a permanent deterioration which ultimately leads to frac- 
ture. This was strikingly exemplified in a range uf shafts, 
220 feet long, tapering from three inches diameter at the' 
driving end, to two inches diameter at the other. 

The work done by these shafts was uniform throughout,' 
but it was soon found that the shaft had made nearly 1*16 
revolutions at the driven end of the room, before it began 
to move at the other. The result was a continued series 
of jerks or accelerated and retarded motion, injurious to 
the machinery, aod destructive to the work it had to per 
form. It was, moreover, injurious to the shafts, particu* 
larly in the middle, where the twist was severely felt, and 

17 
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TiBLi 5. — ^Yalubb of Modulus op Torsion accordiito to 

Mr. Brvait. 





&^ 


Modulat of 




MateriaL 


Rpeei 
gravi 


tortioa. 






iT;. 






Ibt. 




Ash 


.» 


20,300 




Beech 


..i— 


21.243 




Elm ... 


^— 


13,500 




Scotch fir . 


_- 


13,700 




Hornbeam • 


•86 


26,400 




Larch 


•58 


18,967 




English oak 


— 


20,000 




Memel pine 




15,000 




American pine . 


— 


14,750 




Teak 


•— 


16.800 


Old and parti- 




— 




ally decayed. 


Teak, African . 


— 


27,300 




Iron, English wrought 


— 


1.775,000 


(Mean.) 
(Mean.) 


Htccl 


^— 


1,753.000 


Iron (cylindrical) 


— 


1,910,000 


* # 


9 


— 


1,700,000 


' 


'* (square) . 


— 


1,617,000 




«« «t 


— 


1,667,000 




(4 (1 


— - 


1,951,000 




Cast-iron . 




940,000 




44 14 

• • • 


— 


963,000 




41 44 

• • • 


— 


952,000 




44 44 

. . • 


~- 


951,600 


(Mean.) 


Bell metal 




818,000 





2. The temporary angles are not rigorously pro- 
portional to the moments of the forces applied. 

3. Tlie mean angles of torsion are not rigorously 
proportional to the length of the bar, increasing,. 

would have led to rnptare, but from the circumstance 
that they had to be renewed with a stiffer and stronger 
range. 
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although very slightly, in proportion to the length, 
as the bars are made shorter. 

4. The interior cavity of all hollow honfiogene- 
ous bodies diminish by torsion, and this diminu- 
tion is proportional to the length and to the square 
of the angle of torsion for unity of length. 

5. For cylindrical bodies Mr, Wertheim gives 
the following formulae : — 

Let "^ be the mean temporary angle of torsion, 
for 

p = l kilogramme, and 
1=1 metre; 
p = the sum* of the two weights producing 

torsion and constituting a couple in 

kilogrammes ; 

R==the leverage at which the weight p 

acts: 
I = length of the bar subject to torsion, in 

millimetres ; 

r = the exterior radius of the section of 
the bar, in Millimetres ; 

ri= the interior radius of hollow bars, in 
millimetres ; 

B = the modulus of elasticity of the mate- 
rial obtained from experiments on 
tension. 



* In Mr. Wertheim's ezperimentg equal weights, acting 
in opposite directions at the same lev^erage. were hung one 
on each side of the bar, subjected to torsion. 
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Then for solid bars : — * 






16 180 


pK 




and for hollow cyliaders 






16 180 
*=3 • -» 


pu 

• 

s 


t 



la the following experiments^ p ^ 1 kilo 
gramme, B = 247*5 millimetres, I = 1000 mill; 
metres. 

Rkscmr op Expbrimbnts on Ctijndbrs of Circular 

Sbction. 





Material. 


Radiaa 
r. 


Ck>efflcient 
of elasti- 
city, £. 


Mean angle of tonion. 


1 

1 ■ ■ 1 


By formiila. 


Byexperimenfe. 


1 

2 
3 
4 
5 
6 


Iron 
Iron 

Cast steel 
Copper . 
Glass 
Gla8s 


mm. 
8-220 
5-501 
5-055 
5031 
3-535 
3-4225 


17,805 

19,542 
9.395 

6,200 

it 


o t n 

17 461 

1 28 0-8 
1 53 12-0 
3 59 591 

24 51 560 
28 18 2-0 


17 52 1 

1 26 3J-3 
1 51 13-4 
3 54 60 

24 15 34-7 
28 30 140 



The accordance, in these tables, between the 
formulae and the experiments is very satisfactory, 
especially considering that the value of £ cannot 
be determined with perfect accuracy. The errors 
do not generally exceed j^^th, and the observed 



* The above formulaB maj be used with EDglish meas 
ares, b being taken from English tables, if p be giv^eo in 
lbs. and r, /, and b in inches. 
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angles are smaller than those found by calculation 
except in the case of the cylinders 9, 53, and 64. 

Brsume of Exprrihrnts on the Torsion of Hollow 

Gylindeks op Copper. 





t 

9 


*^ 


Coefficient of 


Angle of torsion (>ir). 1, 




1^ 


•sS, 


elasticity 


1 


53 


Exten 
dins 


Intern 
dius 


A*om tension 


By formula. 


By experiment. 


11,525 


10,021 


10,917 


O f » 

17 30-2 


o / // 

20 0-6 


54 


7,082 


4,955 


10.444 


1 12 18-3 


1 16 52-9 


55 


5,047 


30,315 


10,276 


4 9 40 


4 6 54-7 


7 


5,602 


24,665 


9,665 


2 37 40-4 


2 33 38-2 


8 


45,605 


2,478 


9,855 


6 11 10-3 


6 53-8 


9 

1 


36,955 


2,471 


10,645 


15 9 14-4 


15 42 37-3 



For bars of elliptical section M. Wertheim has 
deduced %'he formula 

__8_ 180 ^ Ijci + d) 
3 ' rt' * E ' eld 
where Ci and Cj are the two semiaxes of the ellipse, 
the other letters remaining as before. 

Besume of Experiments on the Torsion of Elliptical 

Bars. 



1 


Material. 


Semiaxes. 


Coefficient of 
elasticity by 
teosion 
(E.) 


Mean angle of torsion (>ir). 


11 

12 
13 
14 


Ci 


c. 


By formula. 


By exper*t. 


Cast steel... 

... 

Copper 

u 


mm. 
7,105 
9,900 
7,062 
9,875 


mm. 
3,697 
25,075 
3,669 
2,498 


19,085 
i( 

. 0,634 


o / // 

2 13 66-7 
4 18 0-1 
4 32 56-7 
8 38 11-2 


o / » 

2 10 56-4 
4 13 18-2 
4 80 41-3 
8 54 83-9 



17* 
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For bars of rectangular section the formula be 
oomes 

_180 1 pR l{ a* + V) 

I But it is necessary to apply a coefficient of cor- 
rection c to the calculated angle such that if >|r' be 
the calculated angle of torsion, and v* the angle 

found by experiment, then c = — i . This coeffi- 
cient varies with the ratio r of the sides of the bar. 

Thus when I = 500 millimetres, and the section 
was 86 milim^tres square. 

} 1 2 4 8 

Value of coefficient 0-8971 0-9617 0-9520 0-9878 

I 

It varies also with the ratio j- and with the mo- 
ment of the couple |) R. 

For the ultimate resistance of cylindrical shafts 
to rupture by torsion, Professor W.J. M. Rankine 
gives the following formula :* 

Let I denote the length in inches of the lever, 
such as a crank, at the end of which a wrenching 
or twisting force is applied to an axle. Let w be 
the working load in pounds, multiplied by a suit 



* Manual of Applied Mechanics, p, 355. Manual •« 
Steam Engine, p. 78. 
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able factor of safety (usually six) ; then 

is the wrenching moment in inch pounds. 
For a solid axle let h be its diameter ; then 

M=/i'andA = !|^. 
5-1 ^ / 

For a hollow axle let h^ be the external, and A, 

the internal diameter in inches; then 

^ Ah\-K m I, Aj\ 

^~ 51A, ~6-l '\^~ hij 

^ ^ 51 M 

and h^ 



{01 M 



The values of the modulus of wrenching/ are— 

for cast-iron about 30000, 
for wrought-iron ** 54000, 

and taking six as the factor of safety, i£ we put the 
working moment of torsion in the formulas instead 
of the wrenching moment, we may put instead of/ 

for cast iron 5000, 

for wrought iron 9000. 

Hence we get for w, the working stress, with 

solid shafts, 

bOOOh* 980 A* , 
Wi= p> .. , = J — for cast-iron ... (2.) 

9000 y 1765A% . . ,_ 

= p.,.j , = — J — for wrought-iron..(3.) 

On this principle I have calculated the follow- 
ing tables (pages 200, 201,) giving the safe mo- 
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ment of torsion for cylindrical cast and wrought- 
iron shafts, and also the working stress to which 
they may be subjected at the circumference of 
pullies or wheels of various diameters. In cases 
where the horses' power transmitted by a shaft 
is given instead of the stress, the latter may be 
found by the table on page 172. 

The greatest angle of torsion, which it is safe to 
allow in a line of shafting, is determined by the 
extension of the material within the elastic limits. 
If "r^if^th of the length be assumed as the maxi- 
muni extension with the safe working load, then 
the shaft must be so proportioned that the angle 
of torsion is less than that given by the following 
formula : 

_2284l 

where L is the length of the shaft in feet, d its 
diameter in inches, and -^Sf the angle of torsion in 
degrees. 

It is convenient to estimate the ultimate resist- 
ance of shafts to torsion, not only as a statical 
pressure acting at a leverage, but also in horses' 
power. Now the stress resulting from the trans- 
mission of power must evidently increase in pro- 
portion to the power, and decrease in proportion 
to the velocity. A shaft will transmit 100 horses' 
power at 80 revolutions a minute with no more 
stress than it would transmit 50 horses' power at 
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40 revolutions, or 25 horses' power at 20 revola- 
tions. Hence the torsion varies as -, where H is 

R' 

the number of horses' power per minute, and B 
the number of revolutions per minute. 

Buchanan's rules for the power transmitted by 
shafts are: — * 

For fly-wheel shafts 

For shafts of water-wheel gearing and other 
heavy work, 

For shafts of ordinary mill gearing 

An ordinary allowance for wrought-iron 
shafting in practice is 

<^=I|{iX250| ... (5.) 

From the foregoing observations in regard to 
torsion, and the power of transmission of shafts 
at different velocities, it is a desideratum of much 
importance to the engineer, so to proportion shafts 
in relation to their lengths as well as velocities, 
as to be within the limits of sensible permanent 

* These rules will be found in the second edition of Ba 
•hanan, at pages 328, et $eq. 
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torsion and flexure,* and at the same time to in- 
crease the speeds in a given ratio to the velocities 
of the machine and the nature of the work it has 
to execute. In the above disquisition we have 
only given the law and the safe measure of .tor- 
sion as regards length and area, but much must 
still depend on the calculation and judgment of 
the millwright and engineer; in its application to 
the character of the work they have to perform, 
and the resistances they have to overcome. 

From formula (5.) the following table (page 205) 
has been calculated, giving the diameter necessary 
to transmit from 1 to 150 horses' power at from 
10 to 1000 revolutions per minute. 

4. Velocity of Shafts, 

As the quality of the material employed for 
the construction of shafts enters largely into the 
calculation of their strength, so also the velocity 
at which they revolve becomes an important 
element in the calculation of the work transmitted 
by them. In all oases where machinery has to 
be driven at a high speed, it is advantageous and 

* Aitiiongh we speak of the limits of permanent torsion, 
we are not prepared to fix these limits, as we find that 
what produces a permanent set in any material, however 
minute a fraction it maj be, will, in process of time, if con- 
tinued, and often repeated, lead to fracture. This law ap- 
plies to everj description of strain or material, and we 
maj therefore consider that there are limits to endnrauoe, 
bowever distant that may be. 
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even essential to run the shafting at a proportioa- 
nte velocity. If, for example, there are a senes 
of machines running at five hundred revolutions 
per minute, it will be advisable to run the shafts 
t half that speed, by which means the following 
very important advantages will be gained. 

There will be a groat saving in the weight of 
the shafts, for with a slow motion of fifty revolu- 
tions per minute, fully three times the weight 
would be necessary to transmit the same power. 
There would also be a saving in original cost in 
the power absorbed, and in maintenance. 

Shafts running at low velocities are cumber- 
some, heavy, and expensive to repair. They are 
costly in the first instance, and they block up tlie 
rooms of the mill with large drums and pullies, 
obstructing the light, which, in factories, is a con- 
sideration of very great importance. 

At the commencement of the present century, 
mills were geared with ponderous shafts, such 
as those just described. They were generally 
of cast-iron, square, and badly coupled, and the 
power required to keep them in motion was in 
some cases almost equal to that required by the 
machinery they had to drive. In the present 
improved system, with light shafts accurately 
fitted and running at high velocities, the work 
which previously was absorbed in transmission is 
now conveyed to the machinery of the mill. 

I may safely ascribe my own success in life 
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and that of my friend and late partner, Mr. James 
Lillie, to the saving of power effected by increas- 
ing threefold the velocity of the shafting in mills 
more than forty years ago. The introduction of 
light iron shafting not only enabled the manufac- 
turer to effect a considerable saving in the origi- 
nal cost, but a still greater saving was effected in 
power, whilst it relieved the mills from the pon- 
derous wooden drums and heavy shafting then in 
use, and established an entirely new system of 
operations in the machinery of transmission. 

5. Length of Journals.^ 

Another consideration of considerable import 
ance to the smooth and safe working of shafting 
is the length of the journals. From a number of 
years' experience I have been led to believe, that 
with cast-iron, one and a half times the diameter 
of the shaft is the best proportion for the length 
of the bearing, and with wrought iron, one and 
three quarters the diameter. On the question of 
shafts revolving in the steps of plummer blocks 
and the proportions necessary to 'effect motion 
without danger of heating, it is essential (without 
entering largely into the laws of friction on bodies 

* Rales for the diameters of gudgeons or Joarnals for 
tliose cases in which they are calculated independently of 
the diameter of the shaft, are given in Mills and Millwork, 
vol. i. p. 116. 
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in contact) that we should ascertain from actual 
practice and long-tried experience the best form 
of journals of shafts adapted for that purpose. 
The lengths proportionate to the diameters have 
already been given, but we have yet to consider 
tlie - dimensions of the journals of large shafts 
where they are small in comparison with the 
pressure or the weight they have to sustain. Let 
us, for example, take a fly-wheel shaft and the 
foot or toe of a line of vertical shaft extending to 
a height of six or seven stories in a mill filled 
with machinery, and we have the safe working 
pressure per square inch as indicated in the last 
column in the following table : — 



Deflciiption of Shaft. 



Fly-wheel shaft wrought-lron. 

Vertical shaft cast-iron 

Horizontal shaft cast-iron 

Horizontal shaft wrought-iron 
Ditto ditto ditto 



1^ 




^^ • 


11 


S'SS 


•a 


§s 




St- 






•a fe « 


|65 


o a e 




gs.§ 


18 X U 


252 


45,024 


178-21 


-xii 


95 


23,061 


242-70 


16 X 10 


150 


6,000 


40-00 


ex 3 


18 


540 


30-00 


2X 4 


8 


160 


2000 



From the above it will be seen that in fly-wheel 
shafts the pressure should never exceed 180 lbs. 
per square inch, and in that of the toes of vertical 
shafts 240 lbs. per square inch. Even with this 
latter pressure it is difficult to keep the shafts 
cool, and it requires the greatest possible care to 
keep them free from dust or any minute particles 
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of sand or other sharp substances getting into the 
steps. The feet of vertical shafts also require the 
very best quality of gun metal for the shaft to 
run in, and fine limpid oil for lubrication to pre- 
vent the toe from cutting. It is, moreover, neces- 
sary for the shaft to fit well on the bottom of the 
step, and not too tight on the sides, and to have a 
fine polish. 

Another point for 
consideration is the 
proper form of the 
journals of shafts, and 
that is, they should never have the journal turned 
or cut square down to the diameter, but hollowed 
in the form shown in the figure a,t a a a a. 
From a series of interesting experiments it has 
been shown that the square-cut shaft loses nearly 
one-fifth of its strength, and by simply curving 
out the shaft at the collars in the form described, 
the resistance to strain is increased one-fifth or 
in that proportion. 

6. Friction. 

On the subject of friction much cannot be said. 
Wo may, however, adduce a few experiments 
from Morin and Eiviere, which appear to bear out 
our previous experience of the length of journals. 

In the years 1881, 1832 and 1833, a very ex- 
tensive set of experiments were made at Metz by 
M. Morin, under the sanction of the French govern- 
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ment, to determine, as nearly as possible^ the lawa 
of friction, and by which the following wero fuUy 
established: — 

When no unguent is interposed, the friction of 
any two surfaces, whether of- quiescence or of 
motion, is directly proportional to the force with 
which they are pressed perpendicularly together ; 
so that for any two given surfaces of contact there 
is a constant ratio of the friction to the perpen- 
dicular pressure of the one surface upon the other. 
Whilst this ratio is thus the same for the same sur- 
faces of contact, it is different for different surfaces 
of contact. The particular value of it in respect 
to any two given surfaces of contact, is called the 
coefficient of friction in respect to those surfaces. 

When no unguent is interposed, the amount of 
the friction is, in every case, wholly independent 
of the extent of the surfaces of contact ; so thai 
the force with which two surfaces are pressed to- 
gether, being the same, their friction is the same 
whatever be the extent of their surfaces of contact 

That the friction of motion is wholly indepen 
dent of the velocity of the motion. 

That where unguents are interposed, the coeffi 
cient of friction depends upon the nature of thf» 
unguent, and upon the greater or less abundance 
of the supply. In respect to the supply of the 
unguent, there are two extreme cases, — that in 
which the surfaces of contact are but slightly 
rubbed with the unctuous matter, as, for instance, 



dTRENQTH AND PROPORTIONS OF SHAFTS. 21a 

with an oiled or greasy cloth, and that in which a 
continuous stratum of unguent remains continually 
interposed between the moving surfaces; and in 
this state the amount of friction is found to be de 
pendent rather upon the nature of the unguent 
han upon that of the surfaces of contact. M 
Morin found that with unguents (hog's lard and 
olive oil) interposed in a continuous stratum be- 
tween surfaces of wood on metal, wood on wood, 
and metal on metal, when in motion, have all of 
them very nearly the same coefficient of friction, 
being in all cases included between *07 and '08. 
The coefficient for the unguent tallow is the same, 
except in that of metals upon metals. This un- 
guent appears to be less suited for metallic surfaces 
than the others, and gives for the mean value of 
its coefficient under the same circumstances '10. 
Hence it is evident that where the extent of the 
surface sustaining a given pressure is so great as 
to make the pressure less than that which corres- 
ponds to a state of perfect separation, this greater 
extent of surface tends to increase the friction by 
reason of that adhesiveness of the unguent, depen- 
dent upon its greater or less viscosity, whose 
effect is proportional to the extent of the surfaces 
between which it is interposed. 

Mr. G. R(3nnie found, from a mean of experi 
ments with different unguents on axles in motion, 
and under different pressures, that with the un- 
guent tallow, under a pressure of from 1 to 5 cwt^ 
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the friction did not exceed ^'^th of the whole prea- 
sare ; when soft soap was applied it became ^^^th ; 
and with the softer unguents applied, such as oil, 
hog's lard, etc., the ratio of the friction to the 
pressure increased ; but with the harder unguents, 
as soft soap, tallow, and anti-attrition composition, 
the friction considerably diminished ; consequently 
to secure effective lubrication, the nature of the 
unguent must be accommodated to the pressure 
or weight tending to force the surfaces together. 

Table op Coefficirnts of Friction under Pressures 

INCREASED CONTINUALLY UP TO LlMITS OF AbRASION. 

Bt Mr. G. Rennib. 





Coefficients of Friction. 




PressnrM p«r 










square inch. 


Wronght-iron upon 


Wroaght-iron 


steel upon 


Brass upob 




wrought-irou. 


upon cast-iron. 


cast-iron. 


cast-iron. 


32-5 lbs. 


•140 


•174 


•166 


•157 


1-66 cwts. 


•250 


•275 


•300 


•225 


200 " 


•271 


•292 


•333 


•219 


2-33 " 


•285 


•321 


•340 


•214 


2-66 " 


•297 


•323 


•344 


•211 


3 00 " 


•312 


•333 


•347 


•215 


3-33 " 


•350 


•351 


•351 


•206 


3-66 " 


•376 


•353 


•353 


•205 


400 " 


•395 


•365 


•354 


•208 


4-33 " 


•403 


•366 


•356 


•221 


4-66 " 


•409 


•366 


•357 


•223 


.500 " 


— 


•367 


•358 


•233 


5-33 »* 


._ 


•367 


•359 


•234 


.5-66 « 


._ 


•367 


•367 


•235 


600 " 


— 


•376 


•403 


•233 


6-33 " 


— 


•434 


— 


•234 


6-66 " 


.— 


_ 


— 


•235 


7-00 " 


». 


— 


— 


•232 


7-33 " 


— 


— 


— 


•273 
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From a paper lately read at the Institution of 
Civil Engineers in- London, on the comparative 
friction of steam engines of different modifications, 
it appears that, as respects the friction caused by 
the strain, if the beam engine be taken as the 
standard of comparison — 

The vibrating engine has a gain of 1*1 per cent. 

The direct engine with slides .... " loss of 1*8 " 

Ditto with rollers " gain of 0*8 " 

Ditto with a parallel motion " gain of 1*3 ** 

It also states, as an opinion, that excessive al- 
lowance for friction has hitherto been made in 
calculating the effective power of engines in gen- 
eral ; as it is found practically by experiments 
with the engines at the Blaokwall Eailway, and 
also with other engines, that where the pressure 
upon the piston is about 12 lbs. per square inch, 
the friction does not amount to more than 1 J lbs.; 
and also that by experiments with an indicator on 
an engine of 50 horse-power, at Truman, Hanbury 
and Co/s brewery, the whole amount of friction 
die} not exceed 5 horse-power, or -j-oth of the 
whole power of the engine. 

7. Lubrication, 

On this question it is necessary to observe that 
the durability of shafts, and their easy working, 
depends on the way in which they are lubricated, 
and the description of unguent used for that pur 
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pose. We have already seen the diflference which 
exists in the coeflScient of friction from the use of 
difterent kinds of unguents, and we have now to 
consider what system of lubrication should be 
adopted to lessen the friction and maintain smooth 
surfaces on the journals of shafts. In large cot- 
ton mills I have known as much as ten to fifteen 
horses' power absorbed by a change in the quality 
of the oil used for lubrication; and in cold 
weather, or when the temperature of the mill is 
much reduced (as is generally the case when 
standing over Sunday), the power required on a 
Monday morning is invariably greater than at 
any other time during the week. 

It is, therefore, necessary in most mills — parti- 
cularly those employed in textile manufacture — 
to retain a uniform temperature, and to employ 
the best quality of oil for lubricating the ma- 
chinery, as well as the shafts of the mill. 

The best lubricators are pure sperm and olive 
oils ; they should be clean and limpid, and spar- 
ingly applied, as it is a profligate waste of valua- 
ble material to pour, as is not unfrequently done, 
large quantities of oil on the bearings, nine-tenths 
of which run on to the floor, and cover the shafts 
and hangers with a coat of glutinous matter, thai 
soon hardens, and accumulates nothing but filth. 

This process of oiling shafts is generally left to 
the most negligent and most untidy person in the 
estiiblishment ; and the result is, that every open- 
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ing for the oil to get to the bearings is plugged 
up, the brass steps are cut by abrasion, and the 
necks or journals of the shafts destroyed. In the 
best regulated establishments this is certainly not 
the case, as the greatest possible care is observed 
in selecting the best kinds of oil, and that used 
with attention to cleanliness and strict economy lu 
its application. 

To save power and effect economy in the use of 
lubricants, several schemes have been adopted for 
attaining a continuous system of lubrication. 
None of them appears to answer so well as that 
which consists of a small cistern, a, fig. 117, 
which contains a quantity v\«.u7 . 

of oil, and is fixed on the 
top of the plummer block. 
In the centre of the cistern 
is a tube, which stands & 
little above the level of the oil ; and into this is 
inserted a woollen thread, with its end descending 
a short distance below the surface of the oil in 
the cistern ; and when properly saturated, the oil 
rises by capillary attraction, and flows gently, in 
very minute quantities, on to the neck of the 
shaft. From this description it will be seen that 
the quantity used can be regulated to the greatest 
nicety, and sufficient to lubricate the bearings 
without waste. Other plans have been devised 
for the same object, but none of them seems to 
answer so well as that just described. 
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CHAPTER IV. 

OV GOUPUNGB FOR SHAFTS AND ENOAOINO AND DISENOAOIMCI 

ORAR. 

In every description of mill where the ma- 
uhinery is spread over a large area, and at a dis- 
tance from the moving power, it is necessary to 
have long lines of shafting, revolving at the re- 
quired velocity. Such lines are seldom made in 
one piece ; short lengths must, therefore, be coup- 
led together, so as to form an unbroken line, ex- 
tending, in most cases, the whole length of the mill. 

When cast iron shafts were substituted for 
wood, a square coupling- box, made in one piece, 
was generally used, so as to slide over the two 
ends of the shafts, or -in two pieces, bolted to- 
gether, as shown in figs. 118 and 119. 

Fig. 118. 




In the former case the box was slipped on 
loose, and the adjustment was so imperfect that 
the shafts rose and fell in the box at every revolu 
tion, destroying gradually any accuracy of fitting 
which, in the lirst instance, had been attained. 



ON COUPLINGS. 



After the square-box coupling came the claw, 
r iwo'proQged coupling, made in two part^ 
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wedgeti, but more froquentlj keyed on to the ends 
of the shafts, as shown in fig. 120. Thia was a 
groat improvement, as the leverage of the bear- 




ing parts was greatly increased, and (^e Oviplingf 
in consequence, became more durable. 

A description of half-lap coupling was intro- 
duced by the late Mr. Hewes. It was fonaod by 
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the lapping over a part of the end of each shaft, 
which VrTifi cast square. A square box was also 
Otted over the two ends, so as to bind them to- 
gether, and three keys were inserted on the top 
Bide, aa shown in fig. 121. The objections to this 
coupling were the difficulty of fitting and the 
loosening of the keys, which made a creaking 
noise with every revolution of the shaft. 

Another coupling, still in use, is the disc. It 
consists of two discs or flanches, one on the end 
of each shaft, bolted together by, four bolts, as 
shown in fig. 122. This coupling was superior to 
all the preceding, when properly bored and 
turned, so as to have its faces accurately perpen- 
dicular to the shafting. 

The best coupling for general purposes, and 
the most accurate and durable, is the circular 
half-lap coupling, introduced into my own works 
nearly forty years ago. It is perfectly round, and 
consists of two laps, turned to a gauge, and, when 
put together by a cutting machine, it forms a 
complete cylinder, as shown in fig. 123. A cylin- 
drical box is fitted over these, and fixed by a key, 
grooved half into the box and half into the shaft. 
The whole is then turned in the lathe to the same 
centres as the bearings of the shaft, and by this 
process a degree of accuracy is attained which 
cannot be surpassed, nor is any other coupling so 
neat and so well adapted for the transmission of 
power. 
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The proportions of this coupling are found by 
experiment to be^ 

Twice the area of the shaft is the area of the 
coupling. 

The length of the lap is the diameter of the 
shaft. 

And the length of the box is twice the diameter 
of the shaft. 

These proportions have been found in practice 
to answer every purpose, both as regards strength 
and the wear and tear of the joints. 

There is another coupling which has come of 
late years extensively into use, namely, the cylin- 

Fig.191 




drical coupling, with butt ends. It has the same 
proportions as the former, but not so strong nor 
so durable as the half-lap coupling of the same 
dimensions, as the entire force of torsion is trans 
mitted through the key; but in cases when 
strength is not the chief object, it forms a chea) 
and effective coupling. 
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8. Disengaging and re-engaging Gear. 

This is an important branch of mill-work, re- 
quiring careful consideration, and the utmost 
exactitude of construction when ponderous ma- 
chinery has to be started, without endangering the 
shafts and wheels. This is most strikingly exem- 
plified in the case of powder mills, where trains 
of edge stones are employed for grinding the gun- 
powder, and in rolling and callendering machinery 
which requires well fitted friction-clutches to com- 
municate the motion by a slow and progressive 
acceleration from a state of rest to the required 
velocity. 

It used to be customary in cotton and silk mills 
to place disengaging clutches at the point of con. 
nection of the upright or driving shaft and the 
main shafting in each room, so that, in case of ac- 
cident, a room full of machinery could be thrown 
out of gear at once. But these provisions were 
found unsteady in practice, and rather tended to 
increase than to diminish the number of accidents, 
owing chiefly to the time lost in disengaging, and 
the breakages which occurred in attempting to 
place the machinery in gear again, when the en- 
gine was running at full speed. It has, conse- 
quently, been found safer to have a permanent 
connection between the main lines of shafting: 
throughout the mill, and signals from each room 
into the endne-house, in case of accident. 

When the construction of mill gearing was leaa 
19* 
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perfect than it is at present, the main shaft driving 
the machinery in a room was thrown out of gear 
by a lever, which contained the steps, and sup- 
ported the end of the horizontal shaft and wheels 

Fig. 12fi. 






which geared into that on the upright shaft as 
shown in fig. 125, with a rope at the end of the 
lever a to pull it out of gear. This mode of dis 
engaging wheels was very ineffective, as in many 
mills there are three bevel wheels gearing intc 
that on the upright b, and it becomes complicated 
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and dangerous to have movable levers to eacK 
To remedy these defects, standards or plummer- 
blocks, with a movable slide e, fig. 126, in which 
the end of the shaft revolved, wereintroduced. To 
the top of this slide was attached a lever a, with a 
handle h, by which it could be drawn oat of gear; 
and the link c. falling aloiig with the lever, I'e- 




tained the ahafl out of gear until the mill waa 
stopped. 

All these contrivances were, however, found in- 
operative on a large scale, as the shafts and wheels 
got out of order; and it was ultimately found 
eBseiitially necessary to make them stationary, by 
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■crewiTig the pluinmer-block down to the frame 
which connects the shafts and wheels. 

Several devices have been employed for the 
purpose o:' rapidly engaging and disengaging ma- 
chines from the driving shah. The best of ail are 




the fa?t and loose pulleys, with a travelling strap. 
Thus, in fig. 127 a is the driving shaft, acting 
upon two pulleys e and d, fixed on the driving 
spindle of the machine h ; one of them, d, is keyed 
fest, and the other runs loose. When the machine 
is at work the strap is on the fast pulley /i, and 
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when it is necessary to stop, it is moved by a 
forked lever on to the loose pulley e, which re- 
volves with the strap without acting on the tna- 
chiae. The machine is thrown into gear with 
equal ease by moving the strap on to the fast pul- 
ley d. Once on either of the pulleys, the strap ia 
held in position without any danger of moving by 
the slight curvature of the pulley, as already ex- 
plained. The forked lever must act on that side 
of the strap which runs toward the pulleys, and 
not on that which leaves them. 

A second and equally effective process for start- 
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ing or stopping machinery ia shomi in fig. 128. 
A leather strap is hung loosely over the driving 
and driven pulleys a and b, so that, left to itself, 
the friction is not auffiuient to communicate mo- 
Uon to the pulley on the shaft b ; but a tighteoiug 
pulley fixed on a suitable lever e is forced against 
it by pulling the rope c, which benda the strap 
tiglitly upon the pulley b, and gives motion to the 
machine. Thta arrangement is ia general use for 
sack teagles in corn mills, and for some other pur- 
poses. The same effect is sometimes produced by 
tlie sack teagles being fixed on the lever, and, by 
raising one end, the ^trap is tightened, and the 
barrel which raises thu load is caused to revolve. 




The clutch most in use for throwing into gear 
hoAvy.callendering machines ia a clip friction 
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noop, whkh consists of a sliding box a, with two 
projecting horns on the driving shaft b. These 
horns, when slid forward by a lever g, working 
in the groove c, come in contact with the friction 
hoop d, which embraces a groove in a second box, 
keyed upon the shaft of the machine. The instant 
the machine receives the shock of engagement, the 
clip d slides in its groove, until the friction over- 
comes the resistance, and the callender attains the 
speed of the driving shaft. The object of the fric- 
tion clip is to reduce the shock of throwing the 
clutch suddenly into gear, as without this precau- 
tion any attempt to move instantaneously a pow- 
erful machine from a state of rest to a state oi 
motion would break it in pieces. 

Friction cones are also much used for this pur- 
pose, and when carefully executed witt the proper 
angle are safer than the clutch just described. The 
objection to the friction clutch is, that the whole 
driving power is thrown on the clip at onoe; 
whereas, with the cones, the parts can be brought 
into contact with the greatest nicety, and the fiic- 
tion regularly increased to any degree of pres- 
sure. Fig. 130 shows this description of disen- 
gaging gear ; a is the male sliding cone, worked 
by a lever in the usual way, b the female cone, 
keyed on the driven shaft, and the two surfaces, 
when brought into contact, communicate the re- 
quired motion with perfect safety. 

Machines driven by friction, and requiring to 
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be frequently atoppetl, are very numerous. Some 
of the lighter description are driven by a vertical 
shaft, b, fig. 131, supporting a horizotital disc, 
n,. isi, which communieatea 

motion to the wheel 
a, rolling on its sur- 
face, and gives the 
necessary motion to 
the machine. The 
advantage of this fric- 
tion-wheel is, that the velocity of the machine may 
be increased or diminished at pleasure by moving 
the wheel a nearer to or farther from the edge of 
the disc. 
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Fig. 132 is aootber combination of discs suita- 
i>Ie for GoupliQgs with only one bearing. The 
disc b is keyed on one ahai^ and ia recessed on 
the face, to receive the smaller disc, c; this disc is 
sunk flush with the face of the other, and is 
■crewed tightly up to it by means of the ring o, 




whic'n is bolted to the disc h, and secures that 
marked e. Between the three plates, a, b and e, 
annular pieces of leather are interposed, which 
bring them all to a proper bearing. 

This combination, termed a friction coupling, is 
useful for preventing breakage of the connections 
in case of a sudden stoppage or reversal of the 
motion. It is plain that the holding power of the 
coupling depends simply upon the tightness with 
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which the discs are sci-ewed together, and th« 
consequent frictional force of the nurfacea of 
leather and metal. 

Besides these more permanent forms of coup- 
lings, there are uther contrivances adopted when 
the object to be attained is the engi^enient and 
diaengagement of certain parts of the machinery 
or gearing during the course of operations. 

With the same view of admitting of this dia- 
eogagement of the connection, in cases of sudden 




stoppage or reversal, the coupling, fig. 133, ia 
sometimes employed. 

In this instance, the shalt is supposed to be 
continuous, and the coupling may be termed a 
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disengaging coupling, a and h are the two pa* ts 
of the coupling, formed on the acting faces into 
alternate projections and recesses, such that they 
correspond with and exactly fit into each other 
when in gear. The part a is, in this example, 
cast on a spur or bevel wheel, from which the 
motion of the shaft is supposed to be taken otf. 
Both of the parts a and h are, to a certain extent, 
loose on the shaft ; the former being capable of 
moving round on it, though deprived of longitu- 
dinal motion by washers and a collar, marked e, 
and the latter being free to slide on the shaft, 
though prevented from turning on it by a sunk 
key, which slides in a slot inside the clutch or 
sliding piece h. The mechanism is put into gear 
by means of the lever c?, which terminates in a 
fork with cylindrical extremities c; and it is 
obvious that, by the contact of the flat faces of a 
and J, the latter will immediately carry with it 
the other part at the same speed as the shaft. 
Supposing, now, that the motion of the wheel a 
is suddenly accelerated, the oblique faces of the 
couplings immediately fall out of contact, and 
slide free of each other, leaving the couplings 
clear, and the shaft free to continue in motion. 

In the old form of this contrivance, known as 
the sliding bayonet clutch, the part J, instead of 
the toothlike projections on the face, had two or 
more prongs which laid hold of corresponding 
Buugs cast on the face of the part a, which, more 
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wbich the discs are sciewed together, and tlie 
consequent frictional force of the Furfaces of 
leather and metal. 

Besides these more permatient forms of ccnp- 
lings, there are {tther contrivances adopted when 
the object to be attained is the engagement and 
disengagement of certain parts of the machinery 
or gearing during the course of operations. 

With the same view of admitting of this dis- 
engagement of the conntiction, in cases of sudden 




stoppage or reversal, the coupling, fig, 133, ia 
sometimes employed. 

In this instance, the shaft is supposed to be 
oontinuous, and the coupling may be termed a 
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arrangement, the speed of the line can be exactly 
regulated by working the engine to a greater or 
less power, according to the supply of water. 
The proper speed of the water-wheel will like- 
wise be maintained, which is of importance in 
economising the water nower. 

*' The same form of coupling is also used occa- 
sionally for engaging and disengaging portions of 
the machinery. But for this purpose the object 
is to obtain a mode of connection by which the 
motion may be commenced without shock; for, 
in consequence of the inertia of all material 
things — that is, the tendency which every portion 
of matter h?s.. when at rest, to remain at rest, and 
when in motion, to continue- to move — the parts 
of the mechanism, when acted upon too suddenly 
by a moving power, are liable to fracture and dis- 
arrangement. It is a law in mechanics that when 
a body is struck by another in motion some time 
elapses before it is diflfused from the point struck 
through the other parts; consequently, if the 
parts receiving the blow have not sufficient elasti- 
city and cohesive force to absorb the whole mo- 
mentum of the striking body till the motion be 
transmitted to the centre of rotation, fracture of 
the body struck must necessarily ensue. Hence, 
in a system of mechanism, any parts intended to 
be acted upon suddenly by others in full motion 
ought not only to be strong, but they ought to be 

culpable of yielding on the first impulse of the 
20* 
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impelling Force with as little resistance as possibly, 
and gradually bring the whole weight into motion. 
The common mode of driving by belts and pul- 
leys accomplishes this object very satisfactorily. 
In this the elasticity of the belt comes into action ; 
and being thrown upon the pulley by the strap 
guide or fork, it continues to slip, till, by the fric- 
tion between the sliding surfaces, the belt grad- 
ually brings the quiescent pulley into full motion 
This mode of connection is unexceptional when 
the power to be transferred is not great; but its 
application to large machinery is attended with 
inconvenience."* 

In figs. 134 a35, two other forms of clutches 
are shown ah oflen used to connect the shafting 
of dift'ereni parts of the same mill, where it is not 
necessary to throw into or out of gear when run- 
ning at full speed. They consist of a fixed and 
sliding box, one on each shafts with teeth or pro- 
jections which fit in corresponding notches. The 
sliding box has a groove turned in it, in which a 
forked lever works, as at or, fig. 134, and at a, fig. 
135, by which it is drawn backward or forward 
as the case may be. The peculiarity of the 
clutch, fig. 135, is that of the driving shaft, which, 
reversed by any accident in its motion, as is not 
unfrequently the case in starting and stopping 
the steam engine, the sliding clutch is forced back 



* Extract from Engineer's and Machinist's Assistant, 
p. 144. 
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by the wedge-shaped faces of the projectioriS, and 
tue machinery thrown out of gear. 




Fig. 136 shows one of these clutches on a amall 
scale, fixed on aline 
of shading beneath 
the floor of a mill. 
It is placed between 
two standards a a, 
supporting the ends 
of the shaft, and the 
■ b working on 
a pivot at bottom, 
and having a pin 
working in the 
groove of the sliding 
clutch box, serveB 




23(1 U..CHINaRT OF TRANSMISSIOK. 

for throwing the driven shaft into or out ot gear 
whenever it may be necessary. 

Another ingenious contrivance, I believe in- 
vented by Mr. Bodmer, is shown in figs. 137 and 
138. It consists of a box a a running loosely on 
the driving shaft s s, but carrying the bevel wheel 
b b, which gears into another wheel on the driven 
eliafl;, not shown in the figures. Tightly keyed 




on the driving shaft « n is a boss c c, with two 
trunnions, on which slide two friction sectors k&; 
the outer surface is coated with a copper plate 
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ftccuratelj iitting the interior surface of the run- 
ning box a a. Tbe boss c c carries also four pro- 
jections e ee e, which serve as guides for four 
screws, alteroatuly left, and right handed, and at- 
tached to the nuts// and levers g g ; these screws 
act on the extremities of the friction slides kk, eo 
that when the levers g g are drawn back they are 
tioth with equal pressure forced upon the inner 
lit. i» 




surface of the box a a. As the pressure can be 
very regularly and gradually brought on this box 
through the levers and screws, the motion of the 
driving shaft s « is communicated with perfect 
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be frequently stopped, are very numeroua. Some 
of the lighter description are driven by a vertical 
sbai\ b, fig. 131, supporting a horizontal disc, 
H(. 131. which communicates 

motion to the wheel 
a, rolling on its sur- 
face, and gives the 
necessary motion to 
the machine. The 
advantage of this fric- 
tion-wheel is, that the velocity of the machine may 
be increased or diminished at pleasure by moving 
the wheel a nearer to or farther from the edge of 
the disc 
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Fig. 132 is another combiaatioa of discs suita- 
i)le for couplings with only one bearing. The 
Jisc b is kejed on one shaft, and is recessed on 
the face, to receive the smaller disc, c; this disc is 
eunk flush with the face of the other, and ia 
screwed tightly up to it by means of the ring a, 




whie'a is bolted to the disc 6, and secures that 
marked c. Between the three plates, a, h and c, 
annular pieces of leather are interposed, which 
bring theni all to a proper bearing. 

This combination, termed a friction coupling, ia 
useful for preventing breakage of the connections 
in case of a sudden stoppage or reversal of the 
motion. It is plain that the holding power of the 
coupling depends simply upon the tightness with 
20 
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wbich the diacs are screwed together, and th« 
(H^nsequent frictional force of the surfaces of 
leather and metal. 

Besides these moro permanent forma of ccnp- 
lings, there are other contrivances adopted when 
the object to be attained is the engagement and 
disengagement of certain parts of the machinery 
or gearing during the course of operations. 

With the same view of admitting of this dis- 
engagement of the connection, in cases of sudden 




stoppage or reversal, the coupling, fig. 133, is 
sometimes employed. 

In this instance, the shaft is supposed to be 
continuous, and the coupling may be termed a 
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disengaging coupling, a and h are the two par ta 
of the coupling, formed on the acting faces into 
alternate projections and recesses, such that they 
correspond with and exactly fit into each other 
when in gear. The part a is, in this example, 
cast on a spur or bevel wheel, from which the 
motion of the shaft is supposed to be taken oiL 
Both of the parts a and b are, to a certain extent, 
loose on the shaft ; the former being capable of 
moving round on it, though deprived of longitu- 
dinal motion by washers and a collar, marked e, 
and the latter being free to slide on the shaft, 
though prevented from turning on it by a sunk 
key, which slides in a slot inside the clutch or 
sliding piece 6. The mechanism is put into gear 
by means of the lever c?, which terminates in a 
fork with cylindrical extremities c; and it is 
obvious that, by the contact of the flat faces of a 
and 6, the latter will immediately carry with it 
the other part at the same speed as the shaft. 
Supposing, now, that the motion of the wheel a 
is suddenly accelerated, the oblique faces of the 
tjouplings immediately fall out of contact, and 
slide free of each other, leaving the couplings 
clear, and the shaft free to continue in motion. 

In the old form of this contrivance, known as 
the sliding bayonet clutch, the part 6, instead of 
the toothlike projections on the face, had two or 
more prongs which laid hold of corresponding 
snugs cast on the face of the part a, which, more 
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over, was usually a broad belt pulley,, introduced 
with a view to modify tbe sbock on the gearing 
on throwing the clutch into action. 

In an older form still, the pulley was made to 
slide end long on the shaft. A form analogous to 
this was known as the "lock pulley," a few speci- 
mens of which still remain in the older factories. 
Instead of the end long motion common to the 
other modes, the parts were " locked " together by 
a bolt fixed upon the side of the pulley, and 
which, when shifted toward the axis, engaged 
with an arm of a cross, of which the part 6, in 
the preceding figure, is the modern representative. 
The bolt was wrought by means of a key and 
stop, the turning of the key throwing back the 
bolt, and thereby unlocking and disengaging the 
pulley. The form of coupling represented by fig. 
133 is particularly applicable when the impelling 
power is derived from two sources — a circum- 
stance which frequently occurs in localities afibrd 
ing water power to some extent, and yet not in 
sufficient abundance for the demands of the work. 
The deficiency is usually supplied by a steam-en- 
gine ; and the two powers are concentrated in the 
main line of shafting by a coupling of the kind 
depicted. In cases of this kind, the speed of the 
shafting being fixed, and the supply of water in- 
constant, the power of the water-wheel ought to 
be thrown upon the wheel a a, and that of the 
engine upon the shaft at another point. By this 
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arrangement, the speed of the line can be exactly 
regulated by working the engine to a greater or 
less power, according to the supply of water. 
The proper speed of the water-wheel will like- 
wise be maintained, which is of importance in 
economising the water nower. 

*' The same form of coupling is also used occa- 
sionally for engaging and disengaging portions of 
the machinery. But for this purpose the object 
is to obtain a mode of connection by which the 
motion may be commenced without shock; for, 
in consequence of the inertia of all material 
things — that is, the tendency which every portion 
of matter hrs., when at rest, to remain at rest, and 
when in motion, to continue* to move — the parts 
of the mechanism, when acted upon too suddenly 
by a moving power, are liable to fracture and dis- 
arrangement. It is a law in mechanics that when 
a body is struck by another in motion some time 
elapses before it is diffused from the point struck 
through the other parts; consequently, if the 
parts receiving the blow have not sufficient elasti- 
city and cohesive force to absorb the whole mo- 
mentum of the striking body till the motion be 
transmitted to the centre of rotation, fracture of 
the body struck must necessarily ensue. Hence, 
in a system of mechanism, any parts intended to 
be acted upon suddenly by others in full motion 
ought not only to be strong, but they ought to be 

capable of yielding on the first impulse of the 
20* 
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impelling Force with as little resistance as possibly, 
and gradually bring the whole weight into motion. 
The common mode of driving by belts and pul- 
leys accomplishes this object very satisfactorily. 
In this the elasticity of the belt comes into action ; 
and being thrown upon the pulley by the strap 
guide or fork, it continues to slip, till, by the fric- 
tion between the sliding surfaces, the belt grad- 
ually brings the quiescent pulley into full motion 
This mode of connection is unexceptional when 
the power to be transferred is not great; but its 
application to large machinery is attended with 
inconvenience."* 

In figs. 134 a35, two other forms of clutches 
are shown ah oflen used to connect the shafting 
of dift'ereni parts of the same mill, where it is not 
necessary to throw into or out of gear when run- 
ning at full speed. They consist of a fixed and 
sliding box, one on each shafts with teelh or pro- 
jections which fit in corresponding notches. The 
sliding box has a groove turned in it, in which a 
forked lever works, as at a, fig. 13i, and at a, fig. 
135, by which it is drawn backward or forward 
as the case may be. The peculiarity of the 
clutch, fig. 135, is that of the driving shaft, which, 
reversed by any accident in its motion, as is not 
unfrequently the case in starting and stopping 
the steam engine, the sliding clutch is forced back 



* Extract from Engineer's and Machinist's Assistant, 
p. 144. 
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by the wedge-shaped faces of the projectioTis^ and 
toe macbiner; thrown out of gear 




Fig. 136 shows one of these clutuhes oa a amall 
scale, fixed on aline 
of shafting beneath 
the floor of a mill. 
Ilia placed between 
two standards a a, 
supporting the ends 
of the shait, and the 
lever 6 working on 
a pivot at bottom, 
and having a piu 
working in tho 
groove of the sliding 
clutch box, serves 
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for tlirowing the driven shaft into or out ol geai 
whenever it may be necessary. 

Another ingenious contrivance, I believe in- 
vented by Mr. Bodmer, is shown in Sgs. 187 and 
138. It consists of a box a a running loosely on 
the driving shaft s s, but carrying the bevel wheel 
b b, which gears into another wheel on the driven 
shaft, nut shown in the figures. Tightly keyed 

rit-tn. 




on the driving shaft s « is a boss c e, with two 
trunnions, on which slide two friction sectors k k; 
the outer surface is coated with a copper plate 
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accurately fitting the interior surface of the ruD- 
ning box a a. The boss c c carries also four pro- 
jections e e e e, which serve as guides for four 
screws, alternately left and right handed, and at- 
tached to the nuts// and levers g g ; these screws 
act OD the extremities of the friction slides i ^ so 
that when the levera g g are drawn back they are 
tioth with equal pressure forced upon the inner 

Fll. IM. 




giirrace of the boT a a As the pressure can be 

very regularly and gradually brought on this box 
through the levers and screws, the motion of the 
driving shaft s a is communicated with perfect 
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regularity, and without shock to the bevel wheel 
lb. 

In the above description I have given such ex- 
amples of engaging and disengaging gear as are 
most commonly in use. Others of a more com- 
plicated character might be cited, but they are 
not to be recommended as applicable in general 
practice. The last form, figs. 137 and 138, is, 
however, specially noticed as suitable for gun- 
powder mills, where the greatest possible freedom 
frorn shocks is essentially necessary. 

9. Sangers, Plummer-blocks, etc., for carrying 

Shafting. 

Shafting is supported in three ways, viz., on 
foundation stones in the floor, beneath beams sus- 
pended from the ceiling, and to the walls of the 
mill. This necessitates as many different forms 
of framework, known as hangers, plummer-blocks, 
standards, etc. 

The simplest mode of supporting a range of 
light shafting is from the floor, and a pedestal 
suitable for this purpose is shown in fig. 139. It 
consists of a cast iron base plate and column, with 
deep wings a a cast on to strengthen it free from 
vibration. The upper portion is hollowed out to 
receive the lower brass step, and the cap carrying 
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the upper step. When the entire pressure of the 
shatijng is downwards the upper brass bush ia 
omitted, and the cap is cast hollow and kept full 
of grease, so as to secure the most perfect labrica- 
ion of the journal of the shafl. 




Pig. 140 shows a pedestal for bolting to a wall, 
the chief difference being that the cap is now fixed 
on its inner side by a wedge or cotter (c). In this 
figure a shell cap a is shown. If the pull is up 
wards, and two brasses be required, "lugs" have 
to be added to the extremity of the pedestal and 
3ap for bolting the two together. 

There are various ways of suspending ranges 
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of shafting from the ceiling, according to the 
means which exist for their attachment. If wooden 
beams, as s, are present, the hanger h&s a large 
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piate (a), which bolts to the side of the beam, as 
showa in figs. 141, 142, The caps are fixed by a 
cotter, as in the previous case. 

Figs. 143, 144, show a front and side elevation 
of another form of hanger for attachment to wooden 
21 
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beams In this case there is provision for a second 
line of shafWng, at right angles to, and receiving 
motioD from the primary line. For this purpose 
f , asmall plummer-block is 

bolted on to a recess at 
the aide of the hanger. 
The thrust, owing to the 
pairofbeve! wheelawhich 
would be placed near this 
hanger, is no longer sim- 
ply vertical, and hence 
two brass steps are placed 
for tliejournal of the prin- 
cipal shaft, with a bolt at 
d, (ig. 143, in adaitioD to 
the cotter, to keep the «>;' 
in its place. 
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Fig. 145 shows anotlier form of light hanger 
sometimes employed in weaving sheds, and nl-wi 
ID UBC for support g shafts m fireproof milla, 




being bolted up to the 
under sili. of the, ust 
iron bejri', s,^ shown -it 
fig. 147 

Where i^Mtati rstrLii^tli 
and firDHiP--. are r 
quired l~j.l ialt\ ni 
long huij^ n HI whith 
there i-, considerable 
leverage the airiiiige 
ineiitskoun in figs 146 
147 IS a lopted , the 
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hanger in this case is bolted to a cast-iroo beam, 
and by an extension of the flange plate to the 
brick arch, which springs from the beam T, it 
is Srmly secured to both beam and floor. At e 
id a screw fur tightenipg the upper brass step on 
the shalt. 




More complicated arrangements are someliimes 
necessary where two or three ranges of shafting 
have to be brought in connection with each other 
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by means of bevel or mitra wheels. Figs. 148 
and 149, show a front and aide elevation of this 
arrangement, which may serve as a type for 
others. The hanger is attached to a cast-iron 




Ikoam A, by hooked bolts with nuts beneath the 
lop plate, as shown at a a, care beinij taken in Ikia 
attachment not to weaken the flange of the inn b^am 
by boring holes in it. Double brass steps are neces 
sary in this case for the main line of shafting, and 
also for two smaller ranges at right angles to it, 
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which revolve in opposite directions, as shown at 
fig. 119. 

A verj frequent case in practice is the conneo- 
tioD of two ranges of shafting, at right angles to 




each other, at the corner of a room. This is 
effected by letting into the corner of the building 
a caat-iron frame, commonly known aa a wall-box, 
which serves as a foundation for the plummer- 
blocks carrying the shafting. Such an arrange- 
ment is shown in fig. 150 in elevation, and in fig 
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[51 in plan. The box w, w, w, is built into the 
wall, and bolted both to it and' to the cast-iron 
beam b. It carries two pi ummer- blocks on a 
pinte firmly supported by brackets. The wall 



Vlf uo. 




pieces in these two figures are similar, but with a 
Blightly different arrangement of the plumraer- 
blocks. 

Irrespective of the various forms of engaging 
and disengaging apparatus, it will be necessary to 
consider the position, form, and proportions of tht 
wLcels and shafting required in mills where th( 
power is divided and widely distribuUid. T< 
show the enormous extent to which tho coaoea 
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tration of machinery in one building has been 
carried, I may mention that in mills of my ovn 
ooDstructiou there have been on the average not 
leas than 450 wheels and 7,000 feet of shafting ia 
motion. In the large mills at Saltaire there ai-e 
upwards of 600 wheels and 10,000 feet, or two 
miles, of shafting distributed over an area of 




flooring equivalent to 12 acres. In com mills 
and iron works, where the machinery is more 
cloaely connected with the prime mover, these 
considerations are of leas importance ; but in fac- 
tories for the manufacture of textile fabrics the 
machinery covers a great extent of surfoce, and 
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the greatest care is necessary in giving due pro- 
portion to the transmissive machinery, in order to 
secure uniformity of motion at the remotest parts 
of the mill. 

In gearing a mill, the first consideration is the 
power of the engines, the position of the ma- 
chinery to be driven, and the strength, diameter 
etc., of the first-motion shaft, and other requisites 
for the transmission of motion in a well-geared 
mill. It is upwards of twenty years since the fly- 
wheel was converted into a first motion, and a 
new system of transmitting the power of the 
steam engines to the machinery of the mill intro- 
duced, l^revious to that time it was effected by 
large spur-wheels inside the mill, now it is taken 
direct from the circumference of the fly-wheel.* 
The advantage of this system was the abolishing 
of the cumbrous first-motion gearing; and the 
requisite velocity being already present in the fly- 
wheel, it was only necessary to cast it with teeth, 
and to take off' the power by a suitable pinion at 
the level most convenient for the purposes of the 
mill. 

In another place I have given general rules for 
the pitch, breadth, and strength of the teeth of 
wheels. The Table (p. 250), computed from ex- 
amples which have occurred in my own practice, 

* Compare ''Mills and Millwork,'* Fart 1, Prime Moven, 
t>age 248. 
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of shafltng from the ceiling, according to the 
tneana which exist for their attachment. If wooden 
beamfl, as s, are present, the haoger has a large 
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p;ate (a), which bolts to the side of the beam, aa 
ihowD in figs. 141, 142. The caps are fixed by a 
cotter, as in the previous case. 

Figs. 143, 144, show a front and side elevation 
of another form of hanger for attachment to wooden 
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benins In tins case there is provision for a second 
line of shifting it right angles to, and receiving 
motion from the primary line. For this purpose 
J. ,^ a small plummer-block is 

c:7~\T'~T ' ~^rj;-;7 bolted on to a recess at 
tOv rX^J''''--^^CrE>'' *'^^ ^'"^^ °'' '^® hanger. 
'^ t^-i ' » ' \ f - : ^sa^ The thrust, owing to the 
pairof bevel wheels which 
would be placed near this 
banger, is no longer sim- 
ply vertical, and hence 
two brass steps are placed 
for thejoumal of the prin- 
cipal shaft, with a bolt at 
d. fig. 143, in adaition to 
the cotter, to keep the <"«:> 
in its place. 
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Fig 145 ahowa anotber form of light hanger 
Bometimea employed in weaving ahedi, and nlio 
in uBC for supporting shafta in fireproof milla, 




being bolted up to the 
nnder side of the cT-t 
iron beims as shown <it 
fig. 147 

Where pFLittrstr' ii^^tli 
and firmness art, ri 
quired txpiLi Ulv in 
long han^firs in wljuh 
there is conaidtr ible 
leverage the arran^'L 
ment allow n in figs lUi 
147 i& alopted , the 
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weiglit to resist the action of the wheels prepared 
to drive the main lines of horizontal shafts with a 
speed and force equivalent to the work done in 
each room. In the case of the Saltaire mills this 
is considerable ; nearly 800 horses' power being 
distributed through the upright shaft alone, the 
remainder being carried off to the loom shed by 
a second wheel, working into the bevel wheel a, 
on the horizontal shaft B, but not shown in the 
drawing. It is important, in mills where power 
*ul steam engines are employed, that the founda- 
tions and fixings to which the main shafts are 
attached are of the most substantial description, 
and the greatest precaution is necessary in order 
to secure them from vibration, and to render them 
perfectly rigid when the whole force of the 
engines is applied. 

In the Saltaire mills, as in many others for the 
manufacture of cotton, flax, and wool, the pre- 
paratory machinery, such as carding, combing, 
roving, etc., is generally driven by lines of hori- 
zontal shafts, or by a series of cross shafts, 
branching off at right angles from the main line 
extending down the centre of the room, as shown 
at c c in No. 11. room. Nos. III. and IV. rooms 
are driven by the longitudinal shaft in No. III. ; 
and Nos. V. and YI. by the shaft in No. V. room. 
On this plan it will be noticed that the spinning 
machinery is driven by iron pulleys from the 
horizontal shafts, at a velocity of nearly 200 
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revolutions per minute, and the straps or belts 
from those pulleys are directed by means of guide 
pulleys to the machinery in both rooms. For 
this purpose, iron boxes are inserted into the 
arches supporting the floors, for the admission of 
the straps to the machinery in the upper floor. 

It will not be necessary to give the dimensions 
of the shafts in each room, as these details and 
calculations must be left to the judgment of the 
millwright, and the nature of the work they have 
to perform. Suffice it to observe, that the ver- 
tical shaft A is 10 inches diameter through the 
first two rooms, 8 J inches through the third room, 
and 6 J inches to the top ; the velocity being 94 
revolutions per minute. 

As respects the couplings for this shaft, we 
may refer the reader to the Table of Dimensions 
(page 109) made from couplings actually in use, 
and which have been found, by experiment, ser- 
viceable in every case where strength and dura 
bility are required. 

Great trouble is sometimes experienced with 
the foot of the vertical shaft, which, from its 
weight and the great pressure upon it, has a ten* 
dency to heat, unless sufficient bearing-area i 
allowed, and the parts kept thoroughly lubricated 
The general arrangement of the footsteps and 
gearing in large mills is shown in fig. 154 ; « « is 
the first-motion shaft, and 1 1 the vertical shaft ; 
a a the bevel wheel on the former, and bb the 



VERTICAL SHAFTS. 257 

Pig. IM. 
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bevel wheel on the latter; c a plummer-block foi 
the first motion-shaft^ and d d the box containing 
the brass footstep for the vertical shaft ; this box 
rests on a large base plate, bolted to the founda- 
% on stones and to the wall of the engine-house. 
In order to insure a constant supply of oil to the 
bearing, it is usual to cut away nearly the whole 
depth of the footstep, or that portion of the brass 
in the corner opposite to the thrust of the bevel 
wheels, as shown in the plan, fig. 154; this cavity 
is then kept full of oil, and lubricates the shaft 
throughout at every revolution.* Again, in cot- 
ton, woolen, and flax mills, when the first motiop 
and vertical shafts have been duly proportionet* 
to the work they have to perform, it becomes ne- 
cessary to consider the diameter, speeds, etc., of 
the light shafting for driving the machinery in 
the different rooms. The formula given for 
strength, etc., in a former part of this work, will 
apply to this description of gearing and mill-work 
where the length does not exceed 120 feet. In 
long ranges of shafts, of from 150 to 200 feet in 
length, where the power applied to the machinery 
at the end of the room is considerable, it is essen- 
tially necessary to increase their strengths in order 
to prevent torsion or twist. This is a considera- 
tion of much importance, and requires careful 



* The reader may compare what is here said of footsteps 
with that in Mills and Millwork, Part I., pp. 168, 172, oil 
the steps for tarY)ine shafts. 
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ftttentioD, as long ranges of light Bhafls are veiy 
elastic — tbej, in some cases, effect nearly a com* 
plete revolution at the point of imparted motion 
before the extreme ends begin to move. Tbe 
result of the power so irregularly transmitted by 
he spring of the shafts, resolves itself into a series 
of accelerated and retarded motions through the 
whole line of shafts, and imparts to the machinery 
in one-half of the rootn a very variable raotioo. 
Want of stiffness is a great evil in long lines of 
shafting, and, as we have already observed, in 
stances are not wanting in which whole lines have 
been removed entirely from this cause. 

The transmission of power to machinery placed 
at di&erent angles from the line of shafts, which 
it) sometimes the case in old mills, has generally 
been effected by the universal joint A, fig. 155 




whicb works moderately well at an obtuse angle, 
but I have always found in my own practice that 
bevel wheels, as at b, fig. 166, are preferable and 
more satisfactory. They give much lewi trouble, 
and work with greater ease, tl^ftn *he universal 
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joint. Other examples might be given for the 
guidaDoe of the practical millwright; but, baring 
to discuss these points at greater length when we 
come to treat of the different kinds of mills and 
different methods of gearing, we must direct the 




reader to those portiona of the work which o^ii 
oern his own immediate practice. 

The following table exhibits the diameter of 
shafts, length of journals, diameter and propor- 
tions of couplings, etc., derived from actual prac- 
tice, whi.;h may ha useful to the less experienced 
millwright and engineer: 
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Table 10. — ^Lenoth, Diameter, etc., op Couplings, Coup. 
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Including descriptions of various mechanical devices for the Eco- 
nomic Generation of Heat by the Combustion of Fuel, whether solid, 
liquid or gaseous. 8vo. . ^2.50 

BARR. — A Practical Treatise on High Pressure Steam Boilers: 
Including Results of Recent Experimental Tests of Boiler Materials, 
together with a Description of Approved Safety Apparatus, Steam 
Pumps, Injectors and Economizers in actual use. By Wm. M. Barr. 
204 Illustrations. 8vo ^3.00 

BAUERMAN.— A Treatise on the Metallurgy of Iron : 
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Royal School of Mines. Fifth Edition, Revised and Enlarged. 
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BELL. — Carpentry Made Easy: 

Or, The Science and Art of Framing on a New and Improved 
System. With Specific Instructions for Building Balloon Frames, Bam 
Frames, Mill Frames, Warehouses, Church Spires, etc. Comprising 
also a System of Bridge Building, with Bills, Estimates of Cost, and 
valuable Tables. Illustrated by forty-four plates, comprising nearly 
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BEMROSE. — Fret-Cutting and Perforated Carving : 
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BILLINGS.— Tobacco : 
Its History, Variety, Culture, Manufacture, Commerce, and Various 
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engravings. 8vo ll3>oo 

BIRD. — Tbe American Practical Dyers' Companion : 

Comprising a Description of the Principal Dyc-StufTs and Chemicals 
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Wool, and Straw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins, 
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.1 Metals, Lead-pipe, etc.; Tables of Areas and Circumfercncef 
of Circles ; Japan, Varnishes, Lackers, Cements, Compositions, etc., 
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BOOTH and MORFIT.— The Encyclopaedia of Chemistry, 
Practical and Theoretical : 
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A Complete Manual of the Art of Carding Textile Fabrics. By W^ 
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BRANNT.— A Practical Treatise on Animal and Vegetablt 
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ical Properties and Uses, the Manner of Extracting and Refining 
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i2mo ^i.oo 

BULLOCK.— The American Cottage Builder : 
A Series of Designs, Plans and Specifications, from |t200 to |t20,ooo, 
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8vo. .••...•.,, fc.oo 

BYRNE. — Hand-Book for the Artisan, Mechanic, and En^- 
neer: 
Comprising the Grinding and Sharpening of Cutting Tools, Abra-.ve 
Processes, Lapidary Work, Gem and Glass Engraving, Varnishing 
and Lackering, ApDa»"atus, Materials and Processes for Grinding and 



HENRY CAREY BAIRD & CO.»S CATALOGUE. 



Fblishing, etc. By Oliver Byrne. Illustrated bj 185 wood en- 
gravings. 8vo $S»oo 
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and Alloys; Forging of Iron and Steel; Hardening and Tempering; 
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Scoffern, Clay, Fairbairn and others. By Oliver Byrne. A new, 
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CABINET MAKER'S ALBUM OF FURNITURE: 
Comprising a Collection of Designs for various Styles of Furniture. 
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cutting Machine. By J. La Nicca. Management of Steel, Includ* 
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Expansion ; and the Case-hardening of Iron. By G. Ede. 8vo. 
Illustrated with twenty-nine plates and 100 wood engravings ^5.00 
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CAREY. — ^A Memoir of Henry C. Carey. 
By Dr. Wm. Elder. With a portrait. 8vo., cloth • • 7S 
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The Unity of Law : As Exhibited in the Relations of Phy^cal^ 
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CLARK. — Tramways, their Construction and Working : 

Embracing Comprehensive History of the System. With an ex- 
haustive analysis of the various modes of traction, including horse- 
■ power, steam, heated water and compressed air; a description of thr 
varieties of Rolling stock, and ample details of cost and working ex« 
penses. By D. Kinnear Clark. Illustrated by over 200 wood 
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COLBURN.— The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimating its 
Capabilities, and Practical Observations on its Construction and Man* 
agement. By Zerah Colburn. Illustrated. i2mo. . |(i.oa 

COLLENS.— The Eden of Labor ; or, the Christian Utopia. 
By T. Wharton Collens, author of " Humanics," " The Histoij 
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COOLEY.— A Complete Practical Treatise on Perfutnery : 
Being a Hand-book of Perfumes, Cosmetics and other Toilet Articles. 
With a Comprehensive Collection of Formulae. By Arnold J. 
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COOPER.— A Treatise on the use of Belting for t^e Trans- 
mission of Power. 
With numerous illustrations of approved and actual methods of ar- 
ranging Main Driving and Quarter Twist Belts, and of Belt Fasten 
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culating the size and driving power of Belts. Plain, Particular and 
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CRAIK.— The Practical American Millwright and Miller. 
By David Craik, Millwright. Illustrated by numerous wood en- 
gravings and two folding plates. 8vo. . • • » $3*$^ 
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CROSS. — The Cotton Yarn Spinner : 

Showing how the Preparation should be arranged for Different 
Counts of Yams by a System more uniform than has hitherto been 
practiced ; by having a Standard Schedule from which we make all 
our Changes. By Richard Cross. 122 pp. i2mo. . 75 

CRISTIANI. — A Technical Treatise on Soap and Candles: 
With a Glance at the Industry of Fats and Oik. By R. S. Cris- 
TIANI, Chemist. Author of " Perfumery and Kindred Arts." Illus- 
trated by 176 engravings. 581 pages, 8vo. . , . $lS.oo 

COAL AND METAL MINERS' POCKET BOOK: 

Of Principles, Rules, Formulae, and Tables, Specially Compiled 
and Prepared for the Convenient Use of Mine Officials, Mining En- 
gineers, and Students preparing themselves for Certificates of Compe- 
tency as Mine Inspectors or Mine Foremen. Revised and Enlarged 
edition. Illustrated, 565 pages, small l2mo , cloth. . |(2.oo 

Pocket book form, flexible leather with flap . . ^2.75 

DAVIDSON.— A Practical Manual of House Painting, Grain- 
ing, Marbling, and Sign- Writing: 
Containing full information on the processes of House Painting in 
Oil and Distemper, the Formation of Inciters and Practice of Sign- 
Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House Painters, Writers, etc., and a Collection of Useful 
Receipts. With nine colored illustrations of Woods and Marbles 
and numerous wood engravings. By Ellis A. Davidson. i2mo. 
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DAVIES.— A Treatise on Earthy and Other Minerals and 
Mining: 
By D. C. Davies, F. G. S., Mining Engineer, etc. Illustrated by 
76 Engravings. l2mo , tf^S-OO 

DAVIES. — A Treatise on Metalliferous Minerals and Mining: 
By D. C. Davies, F. G. S , Mining Engineer, Examiner of Mines, 
Quarries and Collieries. Illustrated by 148 engravings of Geological 
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practice of all parts of the world. Fifth Edition, thoroughly Revised 
and much Enlarged by his son, E. Henry Davies. i2mo., 524 
pages . . $S'0O 

DAVIES. — A Treatise on Slate and Slate Quarrying: 

Scientific, Practical and Commercial. By D. C. Davies, F. G. S., 
Mining Engineer, etc. With numerous illustrations and folding 
plates. i2mo. ^2.00 

DAVIS. — A Practical Treatise on the Manufacture of Brick, 
Tiles and Terra-Cotta : 

Including Stiff Clay, Dry Clay, Hand Made, Pressed or Front, and 
Roadway Paving Brick, Enamelled Brick, with Glazes and Colors, 
Fire Brick and Blocks, Silica Brick, Carbon Brick, Glass Pots, Re> 
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torts, Architectural Tcrra-Cotta, Sewer Pipe, Drain Tile, Glazed and 
Unglazed RooBng Tile, Art Tile, Mosaics, and Imitation of Intarsia. 
or Inlaid Surfaces. Comprising every product of Clay employed in 
Architecture, Engineering, and the Blast Furnace. With a Detailed 
Description of the Different Clays employed, the Most Modern 
Machinery, Tools, and Kilns used, and the Processes for Handling,. 
Disintegrating, Tempering, and Moulding the Clay into Shape, Dry- 
ing, Setting, and Burning. By Charles Thomas Davis. Third Edi- 
tion. Revised and in great part rewritten. Illustrated by 261 
engravings. 662 pages 1^5 oo 

DAVIS. — A Treatise on Steam-Boiler Incrustation and Meth- 
ods for Preventing Corrosion and the Formation of Scale : 
By Charlks T. Davis. Illustrated by 65 engravings. 8vo. I2.00 

DAVIS.^The Manufacture of Paper : 

Being a Description of the various Processes for the Fabrication, 
Coloring and Finishing of every kind of Paper, Including the Dif- 
ferent Raw Materials and the Methods for Determining their Values^ 
the Tools, Machines and Practical Details connected with an intelli- 
gent and a profitable prosecution of the art, with special reference to 
the best American Practice. To which are added a History of Pa- 
per, complete Lists of Paper- Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles T. 
Davis. Illustrated by 156 engravings. 608 pages, 8vo. $6.00 

DAVIS. — The Manufacture of Leather: 

Being a Description of all the Processes for the Tanning and Tawing 
with Bark, Extracts, Chrome and all Modem Tannages in General 
Use, and the Currying, Finishing and Dyeing of Every Kind of Leather; 
Including the Various Raw Materials, the Tools, Machines, and all 
Details of Importance Connected with an Intelligent and Profitable 
Prosecution of the Art, with Special Reference to the Best American 
Practice. To which are added Lists of American Patents ( 1884-1897) 
for Materials, Processes, Tools and Machines for Tanning, Currying, 
etc. By Charles Thomas Davis. Second Edition, Revised, and 
in great part Rewritten. Illustrated by 147 engravings and 14 Sam- 
ples of Quebracho Tanned and Aniline Dyed Leathers. 8vo, cloth, 
712 pages. Price $7-5^ 

DAWIDOWSKY— BRANNT.— A Practical Treatise on the 

Rav^ Materials and Fabrication of Glue, Gelatine, Gelatine 

Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 

etc. : 

Eased upon Actual Experience. By F. Dawidowsky, Technical 

Chemist. Translated from the German, with extensive additions, 

including a description of the most Recent American Processes, by 

William T. Brannt, Graduate of the Royal Agricultural College 

of Eldena, Prussia. 35 Engravings. i2mo. . . . ^2.50 

D£ GRAFF.— The Geometrical Stair-Builders* Guide : 
Being a Plain Practical System of Hand-Railing, embracing all it> 
necessary Details, and Geometrically Illustrated by twenty-two Steel 
Engravings ; together with the use of the most approved pnnciplef 
«f Practical Geometry. By Simon De Graff, Architect 410. 

;^2.oo 
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DE KONINCK— DIETZ.— A Practical Manual of Chemical 
Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast liam^ 

Wrought Iron, and Steel, as found in Commerce. By L. L. Dr 

KoNiNCK, Dr, Sc, and E. Dietz, Engineer. Edited with Notes, by 

Robert Mallet, F. R. S., F. S. G., M. I. C. E., etc. American 

Edition, Edited with Notes and an Appendix on IroR Ores, by A. A. 

FesqueT, Chemist and Engineer. i2mo. . . . 1^1.50 

DUNCAN.— Practical Surveyor's Guide : 
Containing the necessary information to make any person of com^ 
mon capacity, a finished land surveyor without the aid of a teacher 
By Andrew Duncan. Revised. 72 engravings, 214 pp. i2rao. $1.50 

DUPLAIS. — ^A Treatise on the Manufacture and Distillation 
of Alcoholic Liquors : 
Comprising Accurate and Complete Details in Regard to Alcohol 
from Wine, Molasses, Beets, Grain, Rice, Potatoes, Sorghum, Aspho- 
del, Fruits, etc. ; with the Distillation and Rectification of Brandy. 
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparation of Aro- 
matic Waters, Volatile Oils or Essences, Sugars, Syrups, Aromatic 
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., the 
Ageing of Brandy and the improvement of Spirits, with Copioaa 
Directions and Tables for Testing and Reducing Spirituous Liquors, 
etc^ etc. Translated and Edited from the French of MM. DuPi*Ais, 
Aine et Jeune. By M. McKennie, M. D. To which are added the 
United States Internal Revenue Regulations for the Assessment and 
Collection of Taxes en Distilled Spirits. Illustrated by fourteea 
folding plates and several wood engravings. 743 pp. 8vo. <(( 12.50 

DUSSAUCB.— Practical Treatise on the Pabrication of Matches, 
Gun Cotton, and Fulminating Powder. 
By Professor H. Dussauce. i2mo. .... 

DYER AND COLOR-MAKER'S COMPANION: 

Containing upwards of two hundred Receipts for making Colors, on 
the most approved principles, for all the various styles and fabrics now 
in existence; with the Scouring Process, and plain Directions for 
Preparing, Washing-off, and Finishing the Goods. i2mo. ^i.oo 

EDWARDS. — A Catechism of the Marine Steam-Engine, 
For the use of Engineers, Firemen, and Mechanics. A Practical 
Work for Practical Men. By Emory Edwards, Mechanical Engi- 
neer. Illustrated by sixty-three Engravings, including examples of 
the most modern Engines. Third edition, thoroughly revised, with 
much additional matter. 1 2 mo. 414 pages . . . $2 oa 

EDWArDS. — Modem American Locomotive Engines, 
Their Design, Construction and Management. By Emory EDWARSfit 
Illustrated i2mo • • • • I2.00 

EDWARDS.— The American Steam Engineer : 

Theoretical and Practical, with examples of the latest and most ap- 
proved American practice in the design and construction of Steam 
Engines and Boilers. For the use of engineers, machinists, boiler- 
spiakers, and engineering students. By Emory Edwards. Fully 
Ulustrated, 419 pages. i2mo. • . • • $2.SO 
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EDWARDS.— Modem American Marine Engines, BoilMm, an^ 

Screw Propellers, 

Their Design and Construction. Showing the Present Praaicc ot 

the most Eminent Engineers and Marine Engine Builders in the 

United States. Illustrated by 30 large and elaborate plates. 410. $5.oc 

UPWARDS.— The Practical Steam Engineer's Guide 

In the Design, Construction, and Management of American Stationary, 
Portable, and Steam Fire- Engines, Steam Pumps, Boilers, Injecton^ 
Governors, Indicators, Pistons and Rings, Safety Valves and Steam 
Gauges. For the use of Engineers, Firemen, and Steam Users. B> 
Emory Edwards. Illustrated by 119 engravings. a20 pages. 
l2mo $2 $0 

EISSLER.— The Metallurgy of Gold : 
A Practical Treatise on the Metallurgical Treatment of Gold-Bear* 
ing Ores, including the Processes of Concentration and Chlorination, 
and the Assaying, Melting, and Refining of Gold. By M. Eissler. 
With 132 Illustrations. i2mo I5.00 

EISSLER.^The Metallurgy of Silver : 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation 
of Silver Ores, including the Assaying, Meliing, and Refining of 
Silver Bullion. By M. Eissler. 124 Illustrations. 336 pp. 
i2mo $4-2$ 

ELDER. — Conversations on the Principal Subjects of Political 
Economy. 
By Dr. William Elder. 8vo $2 $0 

ELDER.— Questions of the Day, 
Economic and Social. By Dr. William Elder. 8vo. . ^83.00 

BRNL— Mineralogy Simplified. 
Easy Methods of Determining and Classifying Minerals, including 
Ores, by means of the Blowpipe, and by Humid Chemical Analysis, 
based on Professor von Kobell's Tables for the Determination of 
Minerals, with an Introduction to Modem Chemistry. By Henry 
Erni, A.m., M.D., Professor of Chemistry. Second Edition, rewritten, 
enlarged and improved. i2mo. 

PAIRBAIRN.— The Pnnciples of Mechanism and Machinery 
of Transmission * 
Comprising the Pnnciples of Mechanism, Wheels, and Pulleys* 
Strength and Proportlonsof Shafts, Coupling of Shafts, and Engag. 
ii^ and Disengaging Gear. By SiR William Fairbairn, Bart 
C. E. Beautifully illustrated by over 1 50 wood-cute. In one 
'volume, i2mo ..••••••• ^2.00 

FLEMING.— Narrow Gauge Railways in America. 
A Sketch of their Rise, Progress, and Success. Valuable Statistics 
as to Grades, Curves, Weight of Rail, Locomotives, Cars, etc. By 
Howard Fleming. Illustrated, 8vo j5i 00 

FORSYTH.— Book of Designs for Headstones, Mural, and 
other Monuments : 
Containing 78 Designs. By James Forsyth. With an Introduction 
Ijy Charles Boutell, M. A. 4 to., cloth • . $3'5<^ 
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ffRANKELr— HUTTER.— A Practical Treatise on the Maxin« 
facture of Starch, Glucose, Starch-Sugar, and Dextrine: 
Based on the German of Ladislaus Von Wagner, Professor in the 
Royal Technical High School, BudaPest, Hungary, and other 
authorities. By Julius Frankel, Graduate of the Polytechnic 
School of Hanover. Edited by Robert Hutter, Chemist, Practical 
Manufacturer of Starch-Sugar. Illustrated by 58 engravings, cover- 
ing every branch of the subject, including examples of the most 
Recent and Best American Machinery, 8vo., 344 pp. , fe 50 

GARDNER. — The Painter's Encyclopaedia: 
Containing Definitions of all Important Words in the Art of .Plain 
and Artistic Painting, with Details of Practice in Coach, Carriage, 
Railway Car, House, Sign, and Ornamental Painting, including 
Graining, Marbling, Staining, Varnishing, Polishing, lettering. 
Stenciling, Gilding, Bronzing, etc. By Franklin B. Gardner. 
158 Illustrations. i2mo. 427 pp $2.0Q 

GARDNER.— Everybody's Paint Book: 
A Complete Guide to the Art of Outdoor and Indoor Painting, De- 
signed for the Special Use of those who wish to do their own work, 
and consisting of Practical Lessons in Plain Painting, Varnishing, 
Polishing, Staining, P?.prr Hanging, Kalsomining, etc., as well as 
Directions for Renovating Furniture, and Hints on Artbtic Work for 
Home Decoration. 38 Illustrations. i2mo., 183 pp. . ^i.oo 

GEE. — The Goldsmith's Handbook : 
Containing full instructions for the Alloying and Working of Gold, 
including the Art of Alloying, Melting, Reducing, Coloring, Col. 
lecting, and Refining; the Processes of Manipulation, Recovery of 
Waste; Chemical and Physical Properties of Gold; with a New 
System of Mixing its Alloys; Solders, Enamels, and other Useful 
Rules and Recipes. By George E. Gee. i2mo. c . ^1.25 

GEE.— The Silversmith's Handbook : 

Containing full instructions for the Alloying and Working of Silver, 
including the different modes of Refinir'^^ 3,nd Melting the Metal ; its 
Solders ; the Preparation of Imitation Alloys ; Methods of Manipula- 
tion ; Prevention of Waste ; Instructions for Improving and Finishing 
the Surface of the Work ; together with other Useful Information and 
Memoranda. By George E. Gee. Illustrated. i2mo. ii.25 

GOTHIC ALBUM FOR CABINET-MAKERS : 

Designs for Gothic Furniture. Twenty-three plates. Oblong $i.SO 

jRANT.—A Handbook on the Teeth of Gears : 

Their Curves, Properties, and Practical Construction. By Georgb 
B.Grant. Illustrated. Third Edition, enlarged. 8vo. |i.oo 

GREENWOOD.— Steel and Iron: 

Comprising the Practice and Theory of the Several Methods Pur- 
sued in their Manufacture, and of their Treatment in the Rolling- 
Mills, the Forge, and the Foundry. By William Henry Green- 
wood, F. C. S. With 97 Diagrams, 536 pages. i2mo. I2.00 
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QREGORY.~Matheniatic8 for Practical Men: 
Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Eagineers. By Olinthus Gregory. 8vo., plates I3.00 

GRISWOLD. — Railroad Engineer's Pocket Companion for the 
Field : 
Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessary Tables for En 
gineers; also the Art of Levelling from Preliminary Survey to the 
Construction of Railroads, intended Expressly for the Young En* 
gineer, together with Numerous Valuable Rules and Examples. By 
W. Griswold. i2mo.. tucks ^l*5o 

QRUNER. — Studies of Blast Furnace Phenomena: 
By M. L, Gruner, President of the General Council of Mines oS 
France, and lately Professor of Metallurgy at the Ecole des Mines» 
Translated, with the author's sanction, with an Appendix, by L. D. 
B. Gordon, F. R. S. E., F. G. S. 8vo. . . . I2.50 

Hand-Book of Useful Tables for the Lumberman, Farmei and 
Mechanic : 

Containing Accurate Tables of Logs Reduced to Inch Board Meas* 
ure. Plank, Scantling and Timber Measure ; Wages and Rent, by 
Week or Month ; Capacity of Granaries, Bins and Cisterns ; Land 
Measure, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and 8 per cent., and many other Useful Tables. 
32 mo., boards. 186 pages .25 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen, 
Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yams. A Treatise based on Economy and Practice. By 
E. C. Haserick. Illustrated by 323 Dyed Patterns of the Yarni 
or Fabrics, 8vo %1'S^ 

HATS AND FELTING : 

A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. • • tfil.25 

HOFFER. — A Practical Treatise on Caoutchouc and Gutta 
Percha, 
Comprising the Properties of the Raw Materials, and the manner oi* 
Mixing and Working them ; with the Fabrication of Vulcanized and 
Hard Rubbers, Caoutchouc and Gutta Peicha Compositions, Water- 
proof Substances, Elastic Tissues, the Utilization of Waste, etc., eic, 
rrom the German of Raimund Hoffer. By W. T. Brannt. 
Illustrated i2mo. ...••••• ^2.50 

HAUPT. — Street Railway Motors: 
With Descriptions and Cost of Plants and Operation of the Various 
Systems now in Use. i2mo. 1^1*75 
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HAUPT— RHAWN.— A Move for Better Roads : 

Essays on Road-making and Maintenance and Road Laws, for 
which Prizes or Honorable Mention were Awarded through the 
University of Pennsylvania by a Committee of Citizens of Philadel- 
phia, with a Synopsis of other Contributions and a Review by the 
Secretary, Lewis M. Haupt, A. M., C. E. ; also an Introduction by 
William H. Rhawn, Chairman of the Committee. 319 pages. 
8vo ;ft2.oo 

HUGHES. — American Miller and Millwright's Assistant: 
By William Carter Hughes. i2mo ^1.50 

HULME. — Worked Examination Questions in Plane Geomet* 
rical Drawing : 
For the Use of Candidates for the Royal Military Academy, Wool- 
wich ; the Royal Military College, Sandhurst ; the Indian Civil En- 
gineering College, Cooper's Hill ; Indian Public Works and Tele- 
graph Departments ; Royal Marine Light Infantry ; the Oxford and 
Cambridge Local Examinations, etc. By F. Edward Hulme, F. L. 
S., F. S. A., Art-Master Marlborough College. Illustrated by 300 
examples. Small quarto •••••• 1^2.50 

JBRVIS.— Railroad Property: 

A Treatise on the Construction and Management of Railways; 
designed to afford useful knowledge, in the popular style, to the 
holders of this class of property ; as well as Railway Managers, Offi- 
cers, and Agents. By John B. Jervis, late Civil Engineer of the 
Hudson River Railroad, Croton Aqueduct, etc. i2mo., cloth ^2.oc 

KBENE.— A Hand-Book of Practical Gauging : 
For the Use of Beginners, to which is added a Chapter on Distilla* 
tion, describing the process in operation at the Custom-House for 
ascertaining the Strength of Wines. By James B. Keene, of H. M. 
Customs. 8vo. . $1-00 

KELLEY. — Speeches, Addresses, and Letters on Industrial and 
Financial Questions : 
By Hon. William D. Kelley, M. C. 544 pages, 8vo. . ^2.50 

KELLOGG.— A New Monetary System : 
The only means of Securing the respective Rights of Labor and 
Property, and of Protecting the Public from Financial Revulsions. 
By Edward Kellogg. Revised from his work on "Labor and 
other Capital." With numerous additions from his manuscript 
Edited by Mary Kellogg Putnam. Fifth edition. To which i» 
added a Biographical Sketch of the Author. One volume, i2mo. 

Paper cover |l.Oc 

Bound in cloth ..«..••• I.25 

fCEMLO.— Watch-Repairer's Hand-Book: 
Being a Complete Guide to the Young Beginner, in Taking Apart, 
Putting Together, and Thoroughly Cleaning the English Lever and 
other Foreign Watches, and all American Watches. By F. Kemlo, 
Practical Watchmaker. With Illustrations. i2mo. . $1.25 
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KENTISH.— A Treatise on a Box of Instruments, 

And the Slide Ruie ; with the Theory of Trigonometry and Logs 
rithms, including Practical Geometry, Surveying, Measuring of Tim- 
ber, Ca>k and Malt Gauging, Heights, and Distances. By Thoma* 
Kentish. In one volume. i2mo. .... 5i-OC 

KERL.—T he Assayer's Manual : 

An Abridged Treatise on the Docimastic Examination of Ores, and 
Furnace and other Artificial Products. By Bruno Kerl, Prole^sor 
in the Royal School of Mines. Translated from the Gtrman l^y 
William T. Brannt. Second American edition, edited with Ex- 
tensive Additions by F. Lynwood Garrison, Member of the 
American Institute of Mining Engineers, etc. Illustrated by 87 en- 
gravings. 8vo 13-oc 

KICK.— Flour Manufacture . 
A Treatise on Milling Science and Practice. By Frederick Kick 
Imperial Regierungsrath, Professor of Mechanical Technology in tht 
imperial German Polytechnic Institute, Prngue. Translated from 
the second enlarged and revised edition with s pplement by H. H. 
P. POWLES, Assoc. Memb Institution of Civil Engineers. Illustrated 
with 28 Plates, and 167 Wood-cuts. 367 pages. 8vo. . ^lo.oo 
KINGZETT.— The History, Products, and Processes of the 
Alkali Trade : 
Including the most Recent Improvements. By Charles Thomas 
KiNGZETT, Consulting Chemist. With 23 illustrauv.ns. 8vo. $2,SC 
LANDRIN.— A Treatise on Steel : 

Comprising its Theory, Metallurgy, Properties. Practical Workinp, 
and Use. By M. H. C. Landrin, Jr. From ti.e French, by A. A. 
Fesquet. i2mo $2.50 

LANGBEIN.— A Complete Treatise on the Electro-Deposi. 
tion of Metals : 
Comprising Eleciro-Plating and Gnlvanoplastic Operations, the De- 
position of Metals by the Contact and Immersion Processes, tlie Color- 
ing of Metals, tiie Methods of (Jrindini; and Polishing, as well as 
Descriptions of the Eleciric Elenunis Dynamo-Electric Maciiines, 
Thermo- Piles and of the Materials and Processes used in Every De- 
partment of the Art. From the German of Dr. George Langbein, 
with additions by Wm. T. Brannt. Tliird E(iiuon, thoroughly re- 
vised and much enlarged. 150 Engravings. 520 pages. 8vo. $4.00 

LARD NER.— The Steam-Engine : 

For the Use of Begiimers. Illustrated. i2mo. • • • 75 

<-EHNER.— The Manufacture of Ink: 
Comprising the Raw Materials, and the Preparation of W«^ting, 
Copying and Hektograph Inks, Safety Inks, Ink Extracts and Fow. 
ders, etc. Translated from the German of SiGMUND Lehner, with 
additions by William T. Brannt. Illustrated. i2mo. $2.i> 
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LARKIN. — ^The Practical Brass and Iron Pounder's Quide: 
A Concise Treatise on Brass Founding, Moulding, the Metals and 
their Alloys, etc. ; to which are added Recent Improvements in tht 
Manufacture of Iron, Steel by the Bessemer Process, etc., etc. Bf 
Tames Larkin, late Conductor of the Brass Foundry Department in 
Reany, Neafie & Co.'s Penn Works, Philadelphia. New editioii« 
revised, with extensive additions. i2mo. • . . 1^2.59 

LBROUX. — A Practical Treatise on the Manufacture of 
Worsteds and Carded Yams : 
Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning ; Sorting, Cleaning, and Scouring Wools ; the English 
and French Methods of Combing, Drawing, and Spinning Worsteds, 
and Manufacturing Carded Yams. Translated from the French of 
Charles Leroux, Mechanical Engineer and Superintendent of a 
Spinning-Mill, by Horatio Paine, M. D., and A. A. Fesquet, 
Chemist and Engineer. Illustrated by twelve large Plates. To which 
IS added an Appendix, containing Extracts from the Reports of the 
Intemadonal Jury, and of the Artisans selected by the Committee 
appointed by the Council of the Society of Arts, London, on Woolen 
and Worsted Machinery and Fabrics, as exhibited in the Paris Uni» 
versal Exposition, 1867. 8vo. I^S-OO 

UBFFEL. — The Construction of Mill-Dams : 
Comprising also the Building of Race and Reservoir Embankments 
and Head-Gates, the Measurement of Streams, Gauging of Water 
Supply, etc. By James Leffel & Co. Illustrated by 58 engravings. 
8vo. 1^2.50 

LESLIE.— Complete Cookery: 
Directions for Cookery in its Various Branches. By Miss Leslie. 
Sixtieth thoasand. Thoroughly revised, with the addition of New 
Receipts, ismo $l'SO 

LE VAN. — The Steam Engine and the Indicator : 
Their Origin and Progressive Development; including the Most 
Recent Examples of Sieam and Gas Motors, together with the Indi- 
cator, its Principles, its Utility, and its Application. By William 
Barnet Le Van. Illustrated by 205 Engravings, chiefly of Indi. 
cator-Cards. 469 pp. 8vo $i^-00 

LIEBER. — Assayer's Guide : 
Or, Practical Directions to Assayers, Miners, and Smelters, for the 
Tests and Assays, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By Oscar M. Lieber. Revised. 283 pp. i2mo. $1.50 

Lockwood's Dictionary of Terms : 

Used in the Practice of Mechanical Engineering, embracing those 
Current in the Drawing Office, Pattern Shop, Foundry, Fitting, Turn- 
ing, Smith's and Boiler Shops, etc., etc., comprising upwards of Six* 
Thousand Definitions. Edited by a Foreman Pattern Maker, author 
i,{ ** Pattem Making." 417 pp. l2mo. . . • |j.oo 
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LUKIN.— Amongst Machines! 

Embracing Descriptions of the various Mechanical Appliances used 
in the Manufacture of Wood, Metal, and other Substances. i2mo. 

II.7S 
I'UKIN.— The Boy Engineers: 

What They Did, and How They Did It. With 30 plates. l8mo. 

^1.75 
LUKIN.— The Young Mechanic t 

Practical Carpentiy. Containing Directions for the Use of all kinds 

of Tools, and for Construction of Steam- Engines and Mechanical 

Models, including the Art of Turning in Wood and Metal. By John 

LuKiN, Author of "The Lathe and Its Uses," etc. Illustrated. 

I2mo 1^1-75 

MAIN and BROWN.— Questions on Subjects Connected with 

the Marine Steam-Engine : 

And Examination Papers; with Hints for their Solution. By 

Thomas J. Main, Professor of Mathematics, Royal \aval College, 

and Thomas Brown, Chief Engineer, R. N. i2mo., cluth . |ti.oo 

MAIN and BROWN. — The Indicator and Dynamometer : 
With their Practical Applications to the Steam-Engine. By Thomas 
J. Main, M. A. F. R., Ass*t S. Professor Royal Naval College, 
Portsmouth, and Thomas Brown, Assoc. Inst. C. E., Chief Engineei 
R. N., aiiaclied to the R. N. College. Illustrated. 8vo. . 

iHAIN and BROWN.— The Marine Steam-Engine. 

By Thomas J. Main, F. R. Ass't S. Mathematical Professor at the 

', Hoyal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Inst. C. E.. Chief Engineer R. N. Attached to the Royal Naval 
College. With numerous illustrations. 8vo. 

MAKINS.— A Manual of Metallurgy: 

By George Hogarth Makins. 100 engravings. Second edition 
rewritten and much enlarged. i2mo., 592 pages . . j$3.oo 

MARTIN.— Screw-Cutting Tables, for the Use of Mechanics) 
Engineers : 
Showing the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any Required Pitch ; with a Table for Making the Uni'* 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
vvo. ••••••...« •SO 

MICHBLL.— Mine Drainage: 
Being a Complete and Practical Treatise on Direct-Acting VnAm- 
ground Steam Pumping Machinery. With a Description of a largt 
number of the best known Engines, their General Utility and the 
Special Sphere of their Action, the Mode of their Application, and 
their Merits compared with other Pumping Machinery. By Stephen 
MiCHELL. Illustrated by 137 engravings. 8vo., 277 pi^es . ;ft6.oo 

MOLESWORTH.— Pocket-Book of Useful Formulse and 
Memoranda for Civil and Mechanical Engineers. 

' fi)r Guilford L. MoleswortH, Member of the Institution of Civil 
Engineers, Chief Resident Engineer of the Ceylon Railway. FuU^ 
baimd in Pocket-book form ••••«• JI1.00 
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If OORB.^The Universal Assistant and the Complett Mo- 
chanic: 

Containing over one million Industrial Facts, Calculations, Receiptt^ 
Processes, Trades Secrets, Rules, Business Forms, Legal Items, £tc^ 
in every occupation, from the Household to the Manufactory. By 
R. Moore. Illustrated by 500 Engravings. i2mo. . ^2.50 

MORRIS. — Easy Rules for the Measurement of Earthworks : 
By means of the Prismoidal Formula, Illustrated with Numerous 
Wood-Cuts, Problems, and Examples, and concluded by an Exten* 
sive Table for finding the Solidity in cubic yards from Mean Areas. 
The whole being adapted for convenient use by Engineers, Surveyors, 
Contractors, and others needing Correct Measurements of Earthwork. 

By Elwood Morris, C. E. Ivo I1.50 

MAUCHLINB.— The Mine Foreman's Hand-Book 

Of Practical and Theoretical Information on the Opening, Venti- 
lating, and Working of Collieries. Questions and Answers on Prac- 
tical and Theoretical Coal Mining. Designed to Assist Students and 
Others in Passing Examinations for Mine Foremanships. By 
Robert Mauchline, Ex-Inspector of Mines. A New, Revised and 
Enlarged Edition. Illustrated by 114 engravings. 8vo. 337 

pages 1^3.75 

NAPIER.~A System of Chemistry Applied to Dyeing. 
By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, 
mcluding the Chemistry of Coal Tar Colors, by A. A. Fesquet, 
Chemist and Engineer. With an Appendix on Dyeing and Ca«ic<i 
Printing, as shown at the Universal Exposition, Paris, 1867. Illus- 
trated. 8vo. 422 pages 1^3.00 

NBVILLE.— Hydraulic Tables, Coefficients, and Pormulee, fot 
finding the Discharge of Water from Orifices, NotcheSf 
Weirs, Pipes, and Rivers : 
Third Edition, with Additions, consisting of New Formulae for the 
Discharge from Tidal and Flood Sluices and Siphons ; general infor« 
mation on Rainfall, Catchment-Basins, Drainage, Sewerage, Waier 
Supply for Towns and Mill Power. By John Neville, C. E. M. R 
I. A. ; Fellow of the Royal Geological Society of Ireland. Thick 

l2mo $$.$0 

JIBWBERY.^Gleanings from Ornamental Art of eveiy 
^ style; 

Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and other Museums, the Exhibitions of 185 1 and 
1862, and the best English and Foreign works. In a series of ioq 
exquisitely drawn Plates, containing many hundred examples. B^ 

ROBBRT NeWBERY. 4tO. I12.50 

NICHOLLS. —The Theoretical and Pnctical Boiler-Makor and 
Engineer's Reference Book: 
Containing a variety of Useful Information for Employers of Jiaboz 
m and Working Boiler-Makers. IroBa Copper, and Til 
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Oranghtsmen, Engineers, the General Steam-using Public, and for tliA 
Ute of Science Schools and Classes. By Samuel Nxcholls. 111u» 
trated by sixteen plates, i2mo. 1^2.50 

NICHOLSON.— A Manual of the Art of Bookbinding : 
Containing full instructions in the different Branches of Forwarding^ 
Gilding, and Finishing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. i2mo., cloth 1^2.25 

NKCOLLS.— The RaUway Builders 
A Hand-Book for Estimating the Probable Cost of American Rail* 
way Construction and Equipment. By William J. Nicolls, Civil 
Engineer. Illustrated, full bound, pocket-book form 

NORMANDY.— The Commercial Handbook of Chemical An« 
alysis : 
Or Practical Instructions for the Determination of the Intrinsic 01 
Commercial Value of Substances used in Manufactures, in Trades, 
and in the Arts. By A. Normandy. New Edition, Enlarged, and 
to a great extent rewritten. By Henry M. Noad, Ph.D., F.R.S.« 
thick i2mo I5.00 

NORRIS. — ^A Handbook fcr Locomotive Engineers and Ma< 
chinists : 
Comprising the Proportions and Calculations for Constructing Loco- 
motives ; Manner of Setting Valves ; Tables of Squares, Cubes, Areas, 
etc., etc. By Septimus Norris, M. £. New edition. Illustrated, 
tzmo ^1.50 

NY8TR0M. — A New Treatise on Elements of Mechanics : 
E^blishing Strict I*recision in the Meaning of Dynamical Terms i 
accompanied with an Appendix on Duodenal Arithmetic and Me 
trology. By John W. Nystrom, C. E. Illustrated. 8vo. $3.00 

NYSTROM. — On Technological Education and the Construc- 
tion of Ships and Screw Propellers : 
For Naval and Marine Engineers. By John W. Nystrom, lata 
Acting Chief Engineer, U. S. N. Second edition, revised, with addi* 
tional matter. Illustrated by seven engravings. i2mo. . i((i>25 

O'NEILL. — A Dictionary of Dyeing and Calico Printing: 
Containing a brief account of all the Substances and Processes in 
use in the Art of Dyeing and Printing Textile Fabrics ; with Practical 
Receipts and Scientific Information. By Charles O'Neill, Analy- 
tical Chemist. To which is added an Essay on Coal Tar Colors and 
their application to Dyeing and Calico Printing. By A. A. Fesquet, 
Chemi«t and Engineer. With an appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, i867> 8vo., 
491 pages ......... ^3.00 

ORTO N . — Underground Treasures *. 
How and Where to Find Them. A Key for the Ready Determination 
ol all the Useful Minerals within the United States. By James 
ORTON, A.M., Late Professor of Natural History in Vassar College, 
N. Y.; Cor. Mem. of the Academy of Natural Sciences, Philaddpliia, 
and of the Lyceum of Natural History, New York ; author of the 
"Andes and the Amazon," etc. A New Edition, with Additions. 
lUaimited ... .•••.« #1.59 
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OSBORN.— The Prospector's Field Book and Guide. 

In the Search For and the Easy Determination of Ores and Other 
Useful Minerals. By Prof. H. S. Osborn, LL. D. Illustrated by 58 
Engravings. i2mo. Third Edition. Revised and Enlarged (1897). 

OSBORN— A Practical Manual of Minerals, Mines and Min- 
ing: 
Comprising the Physical Properties, Geologic Positions, Local Occur- 
rence and Associations of the Useful Minerals; their Methods of 
Chemical Analysis and Assay ; together with Various Systems of Ex- 
cavating and Timbering, Brick and Masonry Work, during Driving, 
Lining, Bracing and other Operations, etc. By Prof. H. S. Osborn, 
LL. D., Author of " The Prospector's Field-Book and Guide." 171 
engravings. Second Edition, revised. 8vo. . • « ^50 
OVERMAN.— The Manufacture of Steel : 

Containing the Practice and Principles of Working and Making Steel. 
A Handbook for Blacksmiths and Workers in Steel and Iron, Wagon 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By 
Frederick Overman, Mining Engineer, Author of the " Manu- 
facture of lion," etc. A new, enlarged, and revbed Edition. By 
A. A. Fesqi;£T, Chemist and Engineer. i2mo. ., . ^1.50 
OVERMAN.— The Moulder's and Founder's Pocket Guide : 
A Treatise on Moulding and Founding in Green-sand, Dry-sand,Loamf 
and Cement ; the Moulding of Machine Frames, Mill-gear, Hollow- 
ware, Ornaments, Trinkets, Bells, and Statues ; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Sulphur, 
Wax, etc. ; the Construction of Melting Furnaces, the Melting and 
Founding of Metals ; the Composition of Alloys and their Nature, 
etc., etc. By Frederick Overman, M. E. A new Edition, to 
which is added a Supplement on Statuary and Ornamental Mouldings 
Ordnance, Malleable Iron Castings, etc. By A. A. Fesquet, Chem- 
ist and Engineer. Illustrated by 44 engravings. l2mo. . #2.00 

PAINTER, GILDER, AND VARNISHBR'S COMPANION. 

Comprising the Manufacture and Test of Pigments, the Arts of Paint- 
ing, Graining, Marbling, Staining, Sign- writing, Varnishing, Glass- 
staining, and Gilding on Glass ; together with Coach Painting and 
Varnishing, and the Principles of the Harmony and Contrast of 
Colors. Twenty-seventh Edition. Revised, Enlarged, and in great 
part Rewritten. By William T. Brannt, Editor of « Varnishes, 
Lacquers, Printing Inks and Sealing Waxes." Illustrated. 395 pp. 
l2mo. . . . , ^i 50 

PALLETT.— The Miller's, Millwright's, and Engineer's Guide. 
By Henry Pallett. Illustrated. i2mo. . . . ^2.00 
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PBRCY.^TIm Manufacture of Russian Sheet-Iron. 
hy John Percy, M. D., F.R.S., Lecturer on Metallorgy at the 
R^al School of Mines, and to The Advance Qass of Artillery 
Officers at Uie Royal Artillery Institution, Woolwich ; Author of 
** Metallurgy." With Illustrations. 8vo., paper . . 25 cts. 

PERKINS.— Gas and VentUation : 
Practical Treatise on Gas and Ventilation. With Special RelaCioa 
to Illuminating, Heating, and Cooking by Gas. Including Scientific 
Helps to Engineer-students and others. With Illustrated Diagrams. 
By £. £. Perkins. i2mo., cloth 5i'25 

PERKINS AND STOWE.— A New Guide to the Sheet-iron 
and Boiler Plate Roller : 
Containing a Series of Tables showing the Weight of Slabs and Piles 
to Produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gauga 
in decimals ; the Weight per foot, and the Thickness on the Bar or 
Wire Gauge of the fractional parts of an inch; the Weight per 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various 
dimensions to weigh 112 lbs. per bundle; and the conversion of 
Short Weight into Long Weight, and Long Weight into Short. 
Estimated and collected by G. H. Perkins and J. G. Stowe. Iti.50 

POWELL— CHANCE— HARRIS.— The Principles of Glass 

Making. 

By Harry J. Powell, B. A. Together with Treatises on Crown and 

Sheet Glass; by Henry Chance M. A. And Plate Glass, by H. 

G. Harris, Asso. M. Inst. C. E. Illustrated i8mo. • $i-S^ 

PROCTOR.— A Pocket-Book of Useful Tables and Formulae 
for Marine Engineers : 
By Frank Proctor. Second Edition, Revised and Enlarged. 
Full -bound pocket-book form ...... ^1.50 

REGNAULT.— Elements of Chemistry: 
By M. V. Regnault. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and William L. Faber, Metallurgist and 
Mining Engineer. Illustrated by nearly 700 wood-engravings. Com- 
prising nearly 1,500 pages. In two volumes, 8vo., cloth . j$6.oo 

RICHARDS.— Aluminium : 

Its History, Occurrence, Properties, Metallurgy and Applications, 

including its Alloys. By Joseph W. Richards, A. C, Chemist and 

Practical Metallurgist, Member of the Deutsche Chemische Gesell- 

schaft. Illusf. Third edition, enlarged and revised (1895) .^g[6.oo 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A Practical. 
Treatise on the Manufacture of Colors for Painting : 
Comprising the Origin, Definition, and Classification of Colors; the 
Treatment of the Raw Materials ; the best Formulae and the Newest 
Processes for the Preparation of every description of Pigment, and 
the Necessary Apparatus and Directions for its Use; Dryers; th* 
Testing. Application, and Qualities of Paints, etc., etc. By MM. 
RiFFAULT, Vergnaud, and Tqussaikt. Revised and Edited by M. 
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F. Malepsyre. Translated irom the French, by A. A. 

Chemist and Engineer. Illustrated by Eighty engravings. In one' 

vol., 8vo., 659 pages • l5*oo 

ROPER. — A Catechism of High-Pretture, or Non-Condensing 
Steam- Engines : 
Including the Modelling, Constructing, and Management of Steam- 
Engines and Steam Boilers. With valuable illustrations. By Ste* 
PHEN Roper, Engineer. Sixteenth edition, revised and enlarged. 
i8mo., tucks, gilt edge ;ft2.oo 

ROPER.— Engineer's Handy-Book: 

Containing a full Explanation of the Steam-Engine Indicator, and its 
Use and Advantages to Engineers and Steam Users. With Formula 
for Estimating the Power of all Classes of Steam-Engines; also. 
Facts, Figures, Questions, and Tables for Engineers who wish to 
» qualify themselves for the United States Navy, the Revenue Service, 
the Mercantile Marine, or to take charge of the Better Class of Sta- 
tionary Steam-Engines. Sixth edition. i6mo.. 690 pages, tucks, 
gilt edge $^.$0 

ROPER.— Hand-Book of Land and Marine Engines : 
Including the Modelling, Construction, Running, and Management 
of Lanr* and Marine Engines and Boilers. With illustrations. By 
Stephen Roper, Engineer. Sixth edition. 1 2mo., tixks, gilt edge. 

fe-50 
ROPER.— Hand-Book of the Locomotive : 

Including the Construction of Engines and Boilers, and the Construc- 
tion, Management, and Running of Locomotives. By STEPHEN 
Roper. Eleventh edition. i8mo., tucks, gilt edge . 1^2.50 

ROPER. — Hand-Book of Modem Steam Fire- Engines. 
With illustrations. By STEPHEN Roper, Engineer. Fourth edition, 
i2mo., tucks, gilt edi;e ^3*50 

ROPER. — Questions and Answers for Engineers. 
This little book contains all the Questions that Engineers will be 
asked when undergoing an Examination for the purpose of procuring 
Licenses, and they are so plain that any Engineer or Fireman of or 
dinary intelligence may commit them to memory in a short time.. By 
Stephen Roper, Engineer. Third edition . , . |t2.oo 

ROPER. — Use and Abuse of the Steam Boiler. 
By Stephen Roper, Engineer. Eighth edition, with illustrations. 
l8mo., tucks, gilt edge $2.00 

ROSE.— The Complete Practical Machinist : 

Embracing Lathe Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Te^ipering, the Making and Use of ToolSi 
Tool Grinding, Marking out Work, Machine Tools, etc. By Joshua 
Rose. 395 Engravings. Nineteenth Edition, greatly Enlarged with 
New and Valuable Matter. 1 2 mo., 504 pages. . . 1^2.50 

ROSE.--Mechanical Drawing Self-Taught : 

Comprising In5;tructions in the Selection and Preparation of Drawing 
Instruments, Elementary Instruction in Practical Mechanical Draw- 
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ing, together with Examples in Simple Geometry and Elementary 
Mechanism, including Screw Threads, Gear Wheels, Mechaniod 
Motions, Engines and Boilers. By Joshua Rose, M. £. Ulustrated 
by 330 engravings. 8 vo., 313 pages .... ^.00 

ROSE.— The Slide- Valve Practically Explained: 
Embracing simple and complete Practical Demonstrations of tlu 
operation of each element in a Slide-valve Movement, and illustrat* 
ing the effects of Variations in their Proportions by examples care- 
fully selected from the most recent and successful practice. By 
Joshua Rose, M. E. Illustrated by 35 engravings . $1.00 

ROSS. — The Blowpipe in Chemistry, Mineralogy and Geology : 
Containing all Known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut.- 
Colonel W. A. Ross, R. A., F. G. S. With 120 Illustrations. 
i2mo |2.oo» 

8H AW.— Ciyil Architecture : 
Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc 
By Thomas W. Silloway and George M. Harding, Architects. 
The whole illustrated by 102 quarto plates finely engraved on copper. 
Eleventh edition. 4to ^6.00 

SHUNK. — A Practical Treatise on Railway Curves and Loca- 
tion, for Young Engineers. 
By W. F. Shunk, C. E. l2mo. full bound pocket-book form ^2.00 

SLATER.— The Manual of Colors and Dye Wares. 
By J. W. Slater. i2mo $3'00 

SLOAN. — American Houses : 

A variety of Original Designs for Rural Buildings. Illustrated by 
26 colored engravings, with descriptive references. By Samuel 
Sloan, Architect. 8vo. Ii.oo 

SLOAN. — Homestead Architecture : 

Ojntainii:^ Forty Designs for Villas, Cottages, and Farm-houses, with 
Ei:says on Style, Construction, Landscape Gardening, Furniture, etc., 
etc. Illustrated by up*vards of 200 engravings. By Samuel Sloan, 
Architect. 8vo • $3-00 

SLOANE. — Ho;r>e Experiments m Science. 

By T. O'CoNOR Sloane, E. M., A. M., Fh. D. Illustrated by 91 
engravings. i2mo. jl.oo 

SMEATON. — Builder's Pock&t-Companion : 

Containing the Elements of Building, Surveying, and Architecture ; 

with Practical Rules and Instructions coi::>ected with the subject. 
. By A. C. Smeaton, Civil Engineer, etc. i2mo. . . 75 cts. 

SMITH.— A Manual of Political Economy. 
By E. Peshine Smith. A New Edition, to which is added a full 
Index. i2mo. ,••••.., $1-2$ 
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SMITH. — Parks and Pleasure-Grounds : 
Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. By Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. l2mo. .... $2.oih 

SMITH.— The Dyer's Instructor: 

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woolen Goods; containing nearly 800 
Receipts. To which is added a Treatise on the Art of Padding; ancJi 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and thei 
various Mordants and Colors for the different styles of such workj 
By David Smith, Pattern Dyer. i2mo. . . . ^1.50 

SMYTH. — A Rudimentary Treatise on Coal and Coal-Mining. 
By Warrington W. Smyth, M. A., F. R. G., President R. G. S. 
of Cornwall. Fifth edition, revised and corrected. With numer- 
ous illustrations. i2mo. $^'7^ 

SNIVELY. — Tables for Systematic Qualitative Chemical Anal% 
ysis. 
By John H. Snively, Phr. D. 8vo. . . . . $1.00 

SNIVELY. — The Elements of Systematic Qualitative ^^hemical 
Analysis : 
A Hand-book for Beginners. By John H. Snively, Phr. D. i6mo. 

;$2.oa 

STOKES.— The Cabinet- Maker and Upholsterer's Companion : 
Comprising the Art of Drawing, as applicable to Cabinet Work; 
Veneering, Inlaying, and Buhl- Work ; the Art of Dyeing and Stain- 
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker- 
ing, Japanning, and Vrrnishing; to make French Polish, Glues, 
Cements, and Compos* .i^ns; with numerous Receipts, useful to work 
men generally. Bv Stokes. Illustrated. A New Edition, with 
an Appendix upor ^cnch Polishing, Staining, Imitating, Varnishing, 
etc., etc. i2mo $i'2S 

STRENGTH AND OTHER PROPERTIES OF METALS; 

Reports of Experiments on the Strength and other Properties of 
Metals for Cannon. With a Description of the Machines for Testing 
Metals, and of the Classification of Cannon in service. By Officer^ 
of the Ordnance Department, U. S. Army. By authority of the Secre- 
tary of War. Illustrated by 25 large steel plates. Quarto . $5.00 

9ULLIVAN.— Protection to Native Industry. 
By Sir Edward Sullivan, Baronet, author of " Ten Chapters 011 
Social Reforms." 8vu • ^i-OO 

SHERRATT.— The Elements of Hand-Railing : 

Simplified and Explained in Concise Problems that are Easily Under- 
stood. The whole illustrated with Thirty-eight Accurate and Origi- 
nal Plates, Founded on Geometrical Principles, and Showing how to 
Make Rail Without Centre Joints, Making Better Rail of the Same 
Material, with Half the Labor, and Showing How to Lay Out Stairs 
of all Kinds. By R. J. Sherratt, Folio. . , . ^^2.50 
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8YMB. — Outlines of an Industrial Science. 
By David Syme. i2mo. . . . • • #2.oa 

TABLES SHOWING THE WEIGHT OP ROUND, 
SQUARE, AND FLAT BAR IRON, STEEL, ETC., 
By Measurement. Cloih • 6^ 

TAYLOR.— StaUstics of Coal : 
Including Mineral Bituminous Substances employed in Aits and 
Manufactures ; with their Geographical, Geological, and Commercial 
Distribution and Amount of Production and Consumption on the 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. By R. C. Taylor. Second edition, revised by S. S. Haldb* 
MAN. Illustrated by five Maps and many wood engravings. 8vo.,; 
cloth #6.0oi 

TBMPLETON.— The Practical Examinator on Steam and thtf 

Steam -Engine: 

With Instructive References relative thereto, arranged for the Use of 

Engineers, Students, and others. By William Templeton, En. 

gineer. i2mo. i^i*oo 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Fabrication of Beer: 
With especial reference to the Vienna Process of Brewing. Elab- 
orated from personal experience by Julius E. Thausing, Professor 
at the School for Brewers, and at the Agricultural Institute, Mddling, 
near Vienna. Translated from the German by William T« Brannt, 
Thoroughly and elaborately edited, with much American matter, and 
according to the latest and most Scientific Practice, by A. Schwarz 
and Dr. A. H. Bauer. Illustrated by 140 Engravings. 8vo., 815 
pages $10.00 

THOMAS. — The Modem Practice of Photography: 
By R. W. Thomas, F. C. S. 8vo. .... 25 

THOMPSON.— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
By Robert E. Thompson, M. A., Professor of Social Science in the 
University of Pennsylvania. i2mo. .... Itl.50 

THOMSON.— Freight Charges Calculator: 
By Andrew Thomson, Freight Agent. 24mo. . . ^1.25 

TURNER'S (THE) COMPANION: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn* 
Ing; also various Plates of Chucks, Tools, and Instruments; and 
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working thero. 
i2mo • ;fti.oo 

TURNING: Specimens of Fancy Turning Executed on the 

Hand or Foot -Lathe : 

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting 

Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 

4to J2.50 
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VAILB. — Oalvmnized-Iron Cornice-Worker's Manual : 
Containing Instructions in Laying out the Different Mitres, and 
Making Patterns for all kinds of Plain and Circular Work. Also» 
Tables of Weights, Areas and Circumferences of Circles, and other 
Matter calculated to Benefit the Trade. By Charles A. Vaile. 
Illustrated by twenty-one plates. 4to $S'00 

VILLE. — On Artificial Manures : 
Their Chemical Selection and Scientific Application to Agriculture. 
A series of Lectures given at the Experimental Farm at Vincennes, 
during 1867 and 1874-75. By M. Georges Ville. Translated and 
Edited by William Crookes, F. R. S. Illustrated by thirty-one 
engravings. 8vo., 450 pages ....•• ^6.00 

VILLE. — The School of Chemical Manures : 
Or, Elementary Principles in the Use of Fertilizing Agents. From 
the French of M. Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations. i2mo. .... ^1.25 

VOODES. — The Architect's and Builder's Pocket-Companioa 
and Price-Book: 

Consisting of a Shoit but Comprehensive Epitome of Decimals, Duo* 
decimals. Geometry and Mensuration ; with Tables of United States 
Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, 
Brick, Cement and Concretes, Quantities of Materials in given Sizes 
and Dimensions of Wood, Brick and Stone ; and full and complete 
Bills of Prices for Carpenter's Work and Painting ; also, Rules for 
Computing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc. By 
Frank W. Vogdes, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-book 

form, gilt edges • • • |t2.oo 

Cloth •• ••'••••• 1.50 

VAN CLEVE. — The English and American Mechanic : 

Comprising a Collection of Over Three Thousand Receipts, Rules, 
and Tables, designed for the Use of every Mechanic and Manufac- 
turer. By B. Frank Van Cleve. Illustrated. 500 pp. i2mo. |2.oa 

WAHNSCHAPFE.— A Guide to the Scientific Examination 
of Soils: 
Comprising Select Methods of Mechanical and Chemical Analysiii 
and Physical Investigation. Translated from the German of Dr. F. 
Wahnschaffe. With additions by William T. Brannt. Illu*. 
trated by 25 engravings. i2mo. 177 pages • • . ifti.SO 

WALL. — Practical Graining : 
With Descriptions of Colors Employed and Tools Used. Illustrated 
by 47 Colored Plates, Representing the Various Woods Used 'm 
Interior Finbhing. By William E. Wall. 8vo. . I2.50 

WALTON^— Coal-Mining Described and Illustrated: 
By Thomas H. Walton, Mining Engineer. Illustrated by 24 ^arge 
and elaborate Plates, after Actual Workings and Apparatus. ^5.00 
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9VARE.— The Sugar Beet. 
Including a History of the Beet Sugar Industry in Europe, Variettai 
of the Sugar Beet, Examination, Soils, Tillage, Seeds and Sowing 
Yield and Cost of Cultivation, Harvesting, Transportation, Conserva 
tion. Feeding Qualities of the Beet and of the Pulp, etc. By Lewii 
S. Ware, C. £., M. E. Illustrated by ninety engravings. 8vo. 

WARN.^The Sheet-Metal Worker's Instructor: 

For Zinc, Sheet- Iron, Copper, and Tin-Plate Workers, etc. Contain- 
inor a selection of Geometrical Problems ; also, Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Practical 
Tin-Plate Worker. To which is added an Appendix, containing 
Instructions for Boiler- Making, Mensuration of Surfaces and Solids, 
Rules for Calculating the Weights of different Figures of Iron and 
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty- 
two Plates and thirty-seven Wood Engravings. Svo. . ^3.00 

WARNER.— New Theorems, Tables, and Diagrams, for tho 
Computation of Earth-work : 

Designed for the use of Engineers in Preliminary and Final Estimatea 
of Students in Engineering, and of Contractors and other non-profes^ 
sional Computers. In two parts, with an Appendix. Part I. A Prac- 
tical Treatise; Part II. A Theoretical Treatise, and the Appen<iix. 
Containing Notes to the Rules and Examples of Part I. ; Explana* 
tions of the Construction of Scales, Tables, and Diagrams, and a 
Treatise upon Equivalent Square Bases and Equivalent Level HeightSi 
By John Warner, A. M., Mining and Mechanical Engineer. Illus- 
trated by 14 Plates. Svo J4 00 

WILSON. — Carpentry and Joinery : 

By John Wilson, Lecturer on Building Construction. Carpentry and 
Joinery, etc., in the Manchester Tecimical School. Third Edition, 
with 65 full p^e plates, in flexible cover, oblong . . .80 

WATSON.— A Manual of the Hand-Lathe : 

Comprising Concise Directions for Working Metals of all kinds. 
Ivory, Bone and Precious Woods; Dyeing, Coloring, and French 
Polishing; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense. By 
Egbert P. Watson, Author of " The Modern Practice of American 
Machinists and Engineers." Illustrated by 78 engravings. $i.SO 

WATSON. — The Modem Practice of American Machinists and 
Engineers 
Including the Construction, Application, and Use of Drills, Lat^tfl 
Tools, Cutters for Boring Cylinders, and Hollow-work generally , with 
the most Economical Speed for the same; the Results verified by 
Actual Practice at the Lathe, the Vise, and on the Floor. Together 
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with Workshop Management, Economy of Manufacture, the Steam 
Engine, Boilers, Gears, Behing, etc., etc. By Egbert P. Watson. 
Ilhistra!ed l»y eighty-six engravings. l2mo. . . . ^((2.50 

WATT. — The Art of Soap Making : 

A Practical Hand-Book of the Manufacture of Hard and Soft Soaps, 
Toilet Soaps, etc. Fifth Edition, Revised, to which is added an 
Appendix on Modern Candle Making. By Alexander Watt. 
111. l2nio $3.00 

WEATHERLY.— Treatise on the Art of Boiling Sugar, Crys- 
tallizing, Lozenge-making, Comfits, Gum Goods, 
And other processes for Confectionery, etc., in which are explained, 
in an easy and familiar manner, the various Methods of Manufactur- 
ing every Description of Raw and Refined Sugar Goods, as sold by 
Confectioners and others. i2mo |ti>50 

WILL..— Tables of Qualitative Chemical Analysis : 

With an Introductoiy Chapter on the Course of Analysis. By Pro- 
fessor Heinrich Will, of Giessen, Germany. Third American, 
from the eleventh German edition. Edited by Charles F. Himes, 
Ph. D., Professor of Natural Science, Dickinson College, Carlisle, 
Pa. 8vo i(5i.50 

WILLIAMS.— On Heat and Steam : 

Embracing New Views of Vaporization, Condensation and Explo- 
sion. By Charles Wye Williams, A. L C. E. Illustrated. 8vo. 

WILSON.— First Principles of Political Economy: 

With Reference to Statesmanship and the Progress of Civilization. 
By Professor W. D. WiLSON, of the Cornell University. A new and 
revised edition. l2mo %^'V^ 

WILSON.— The Practical Tool-Maker and Designer: 

A Treatise upon the Designing of Tools and Fixtures for Machine 
Tools and Metal Working Machinery, Comprising Modern Examples 
of Machines with Fundamental Designs for Tools for the Actual Pro- 
duct ion of the work; Together with Special Reference to a Set of 
Tools for Machining the Various Parts of a Bicycle. Illustrated by 
189 engravings. 1 898 ^^2.50 

CONTENTS: Introductory. Chapter I. Modern Tool Room and Equipment. 
II. Files, Their Use and Abuse. III. Steel and Tempering. IV. Making Jigs. 
V. Milling Machine Fixtures. VI. Tools and Fixtures for Screw Machines. Vll. 
Broaching. VIII. Punches and Dies for Cutting and Drop Press. IX. Tools for 
Hollow- Ware. X. Embossing : Metal, Coin, and Stamped Sheet-Metal Orna- 
ments. XI. Drop Forging. XII. Solid Drawn Shells or Ferrules; Cupping or 
Cutting, and Drawing : Breaking Down Shells. XIII. Annealing, Pickling and 
Cleaning. XIV. Tools for Draw Bench. XV. Cutting and Assembling Pieces 
by Means of Ratchet Dial Plates at One Operation. XVI. The Header. XVII. 
Tools for Fox Lathe. XVIH. Suggestions for a Set of Tools for Machining the 
Various Parts of a Bicycle. XIX. The Plater's Dynamo. XX. Conclusion— 
With a Few Random Ideas. Appendix. Index. 

V^OODS. — Compound Locomotives: 
By Arthur Tannatt Woods. Second edition, revised and enlarged 
by David Leonard Barnes, A. M., C. E. 8vo. 330 pp. feoo 
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WOHLER.— A Hand-Book of Mineral Analysis : 

By F. WOHLER, Professor of Chemistry in the University of Gdttin- 
gen. Edited l^ Henry B. Nason, Professor of Chemistry in the 
Renssalaer Polytechnic Institute, Troy, New York. lUustrated. 
i2mo I2.50 

WORSSAM.— On Mechanical Saws : 

From the Transactions of the Society of Engineers, 1869. By S. W. 
WoRssAM, Jr. Illustrated by eighteen large plates. 8vo. $i»S^ 



RECENT ADDITIONS. 

BRANNT. — ^Varnishes, Lacquers, Printing Inks and Sealing - 
Waxes : 
Their Raw Materials and their Manufacture, to which is added the 
Art of Varnishing and Lacquering, including the Preparation of Put- 
ties and of Stains for Wood, Ivory, Bone, Horn, and Leather. By 
William T. Brannt. Illustrated by 39 Engravings, 338 pages. 
i2mo ^3.00 

BRANNT — ^The Practical Scourer and Garment Dyer: 

Comprising Dry or Chemical Cleaning ; the Art of Removing Stains ; 
Fine Washing ; Bleaching and Dyeing of Straw Hats, Gloves, and 
Feathers of all kinds; Dyeing of Worn Clothes of all fabrics, in- 
cluding Mixed Goods, by One Dip ; and the Manufacture of Soaps 
and Fluids for Cleansing Purposes. Edited by William T. Brannt, 
Editor of "The Techno-Chemical Receipt Book." Illustrated. 
203 pages. i2mo. ^2.00 

BRANNT.— Petroleufii . 

Its History, Origin, Occurrence, Production, Physical and Chemical 
Constitution, Technology, Examination and Uses; Together with 
the Occurrenee and Uses of Natural Gas. E^ted chiefly from the 
German of Prof. Hans Hoefer and Dr. Alexander Veith, by Wm. 
T. Brannt. Illustrated by 3 Plates and 2S4 Engravings. 743 pp. 
8vo. 17.50 

BRANNT. — ^A Practical Treatise on the Manufacture of Vine- 
gar and Acetates, Cider, and Fruit- Wines : 

Preservation of Fruits and Vegetables by Canning and Evaporation ; 
Preparation of Fruit-Butters, Jellies, Marmalades, Catchups, Pickles, 
Mustards, etc. Edited from various sources. By William T. 
Brannt. Illustrated by 79 Engravings. 479 pp. 8vo. ^5.00 

BRANNT.— The Metal Worker's Handy-Book of Receipts 
and Processes : 

Being a Collection of Cliemical Formulas and Practical Manipula- 
tions for the working of all Metals ; including the Decoration and 
Beautifying of Articles Manufactured therefrom, as well as their 
Preservation. Edited from various sources. By William T. 
Brannt. Illustrated. lamo. |2^ 
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DPITE.— A Practical Treatise on the Manufacture cf Per« 
turnery: 
Comprising directions for making all kinds of Perfumes, Sachet 
Powders, Fumigatinjr Materials, Dentifrices, Cosmetics, etc., with a 
full account of the Volatile Oils, Balsams, Resins, and other Natural 
and Artificial Perfume-substances, including the Manufacture of 
Fruit Ethers, and tests of their purity. By Dr. C. Deite, assisted 
by L. BoRCHERT, F. Eichbaum, E. Kugler. U. Toeffner, and 
other experts. From the German, by Wm. T. Brannt. 28 Engrav- 
ings. 358 p^es. 8vo. ••.••• $500 

BD WARDS. — American Marine Engineer, Theoretical and 
Practical : 
With Examples of the latest and most approved American Practice. 
By Emory Edwards. 85 illustrations. i2mo. . . $2.50 

EDWARDS. — 900 Examination Questions and Answers: 

For Engineers and Firemen (Land and Marine) who desire to ob- 
tain a United States Government or Slate License. Pocket-book 
form, gilt edge • $x-50 

KIRK. — The Cupola Furnace : 

A Practical Treatise on the Construction and Management of Foun- 
dry Cupolas. By Edward Kirk, Practical Moulder and Melter, 
author of "The Founding of Metals." Illustrated by 80 Engravings. 
8vo. (In Preparation.) 

POSSELT. — The Jacquard Machine Analysed and Explained : 
With an Appendix on the Preparation of Jacquard Cards, and 
Practical Hmts to Learners of Jacquard Designing. By E. A. 
Posselt. With 230 illustrations and numerous diagrams. 127 pp. 
4to. .......... ^3.00 

POSSELT.— The Structure of Fibres, Yams and Fabrics: 

Being a Practical Treatise for the Use of all Persons Employed in 
the Manufacture of Textile Fabrics, containing a Description of the 
Growth and Manipulation of Cotton, Wool. Worsted, Silk Flax, 
Jute, Ramie, China Grass and Hemp, and Dealing with all Manu- 
facturers* Calculations for Every Class of Material, also Giving 
Minute Details for the Structure of all kinds of Textile Fabrics, and 
an Appendix of Arithmetic, specially adapted for Textile Purposes. 
By E. A. Posselt. Over 400 Illustrations, quarto. , ^5.00 

RICH.— Artistic Horse. Shoeing: 

A Practical and Scientific Treatise, giving Improved Methods of 
Shoeing, with Special Directions for Shaping Shoe? to Cure Different 
Diseases of the Foot, and for the Correction of Faulty Action in 
Trotters. By George £. Rich. 62 Illustrations. 153 pages. 
I2mo. • $190 
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RICH ARDSON.— Practical Blacksmithing : 
A Collection of Articles Contributed at Different Times by Skilled 
Workmen to the columns of " The Blacksmith and Wheelwright," 
and Covering nearly the Whole Range of Blacksmithing, from the 
Simplest Job of Work to some of the Most Complex Forgings. 
Compiled and Edited by M. T. Richardson. 
Vol.1. 2IO Illustrations. 224 pages. i2mo. , , $1.00 
Vol. IT. 230 Illustrations. 262 pages. i2mo. . , $1.00 
Vol. III. 390 Illustrations. 307 pages. i2mo. , , $1 00 
Vol. IV. 226 Illu^^trations. 276 pages. i2mo. , . ;$i.oo 

RICHARDSON —The Practical Horseshoer: 
Being a Collection of Articles on Horseshoeing in all its Branches' 
which have appeared from time to time in the columns of " 1 he 
Blacksmith and Wheelwright," etc. Compiled and edited by M. T. 
Richardson. 174 illustrations $1.00 

ROPER. — Instructions and Suggestions for Engineers and 
Firemen : 
By Stephen Roper, Engineer. i8mo. Morocco . $2.00 

ROPER. — The Steam Boiler: Its Care and Management: 
By Stephen Roper, Engineer. i2mo., tuck, ^lU edges. I2.00 

ROPER. — The Young Engineer's Own Book : 

Containing an Explanation of the Principle and Theories on which 
the Steam Engine as a Prime Mover is Based. IK Stephen Ropeii« 
Engineer. i6o illustrations, 363 pages. i8mo., cuck . f 2 50 

ROSE. — Modern Steam -Engines: 
An Elementary Treatise upon the Steam-Engine, written in Plain 
language ; for Use in the Workshop as well as in the Drawing Office. 
Giving Full Explanations of the Construction of Modern Steanrw 
Engines : Including Diagrams showing their Actual operation. To* 
gether with Complete but Simple Explanations of the operations of 
Various Kinds of Valves, Valve Motions, and Link Motions, etc., 
thereby Enabling the Ordinary Engineer to clearly Understand the 
Principles Involved in their Construction and Use, and to Plot out 
their Movements upon the Drawing Board. By Joshua Rose. M. E. 
Illustrated by 422 engravings. Revised. 358 pp. . . $6.00 

ROSE.— Steam Boilers: 
A Practical Treatise on Boiler Construction and Examination, for the 
Use of Practical Boiler Makers, Boiler Users, and Inspectors; and 
embracing in plain figures all the calculations necessary in Designing 
or Classifying Steam Boilers. By Joshua Rose, M. E. Illustrated 
by 73 engravings. 250 pages. 8vo ^2.^0 

SCHRIBER.— -The Complete Carriage and Wagon Painter: 
A Concise Compendium of the Art of Painting Carriages, Wagons, 
and Sleighs, embracing Full Directions in all the Variotis Branches, 
including Lettering, Scrolling, Ornan*enting, Striping, Varnishing, 
and Coloring, with numerous Recipes for Mixing Colora. 73 Illus- 
tcations. 177 pp. i2mo • • |l-0O 
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